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| In this issue, major findings of motor- 
vehicle accident cost studies conducted 


in Massachusetts and Utah are discussed. 
\Cost data are classified on the 
severity of accidents and are further related 
to the activities of persons 
accidents, to the highway systems on which 


involved in 


the accidents occurred, and to the types 

of vehicles involved. 

| Placing a dollar value on losses resulting 

from traffic accidents in no way minimizes 

the personal tragedy of either traffic fatal- 

ities or serious injuries; it is simply a means 
and 


t 
i 


of identifying 
‘losses that in turn can be used as a tool in 
the planning of both highway safety and 
highway improvement programs. 

Of the four articles presented here, three 
report findings of the Massachusetts ac- 
cident cost study and the fourth applies to 
asimilar study made in Utah. The findings 
are based on data from only two States, and 
whether similar patterns or trends obtain 
in other States can only be determined 


measuring financial 





' when studies now under way or planned for 


‘the future are completed. The data pre- 
‘sented, however, are believed to be generally 
indicative of what may be expected in other 
States of similar characteristics. 

- In this analysis, economic costs are con- 
fined specifically to direct costs of traffic 
accidents. Other direct costs in 
tion with non-traffic accidents and traffic 
and non-traffic incidents are excluded. 
Non-traffic accidents are those involving 
motion but on a_ public 
roadway. Traffic and non-traffic incidents 
are mishaps occurring on and off public 


commec- 


not occurring 


roadways, not involving motion, and at- 
tributable to vandalism, fire, and acts of 
God. 

Direct costs are composed of the money 
value of damage to property: hospitiliza- 
tion: services of physicians, dentists, and 
nurses; ambulance medicine: 
time lost: damages awarded in excess of 
other direct costs; attorneys’ services: court 
fees; and other lesser items. 

Another large segment of costs borne by 
the public are indirect costs. Although 
not a part of this analysis, they must be 
considered in any total view of accidents. 
They include such items as loss of future 
earnings as a result of injuries causing 
death or permanent disability, overhead 
cost of motor-vehicle accident insurance as 
well as certain other types of insurance with 
accident coverage, property damage in- 
directly resulting from an accident, illness 
or death of a person not involved in an 
accident but traceable thereto, public aid 
for care of indigent persons injured in motor- 
vehicle accidents, and expenditures for 
driver training and other accident pre- 
vention activities. 
| 
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use: work 


basis of 


. A Symposium on Traffic Accident Costs 


The 


accidents are discussed from four aspects: 


economic motor-vehicle 


costs of 
First, the cost in relation to persons involved 
in accidents; second, the cost in relation to 
the road systems; third, the cost in relation 
to passenger cars and trucks: and fourth, 
the cost in relation to highway planning 
and improvement. 

The Economie Cost of Traffie Accidents 
in Relation tothe Human Element (p. 34) dis- 
cusses the impact of traffic accidents on the 
total of Massachusetts. It 
shows that if existing traffic accident rates 
the 
entire population of Massachusetts would 
be ina motor-vehicle accident at least once 
every 13 years, or 5 times during his life. 
The article points out, however, that the 
possibilities of being killed or seriously 
injured are very slight. 

Of the 4.8 million residents of Massa- 
chusetts in 1953, less than 8 percent were 
involved in traffic accidents. 

Of the 45,472 persons injured, 421 were 
fatally injured, 18,045 were seriously in- 
jured, and 27,006 were superficially injured. 
Injuries 
19,405 persons to lose an average of 19 days 


population 


are not reduced, every individual in 


sustained in accidents caused 


worktime per person; they hospitalized 
6,647 persons for an average of 9.4 days each. 
Traffic accident injuries permanently re- 
duced to some degree the ability of 2,117 
persons to earn a living, and they similarly 
temporarily affected another 3,514 persons. 

The total direct cost of traffic accidents in 
Massachusetts in 1953 was more than $50 
million, of which fatal injury accidents cost 
$1.6 nonfatal 
$28.7 million; and property-damage-only 
accidents, $19.9 million. 

This article points up one significant 
thing—of the loss from 
traffic accidents, 59 percent was due to 
property damage alone, and 41 percent to 


million; injury accidents, 


total economic 


injuries and related costs. The total direct 
cost of accidents was divided among six 
major elements: Property damage, $27.6 
million; treatment of injuries, $3.4 million; 
worktime lost, $4.5 million; loss of use of 
vehicle, $0.4 million; legal and court fees, 
$5.2 million; and awards and settlements, 
$9.1 million. 

The Economie Cost of Accidents in Relation 
to the Highway Systems (p. 39) evaluates the 
efficiency of the Massachusetts highway 
systems from the standpoint of economic 
losses through automobile accidents. A 
major finding was that of the 131,536 traffic 
accidents in Massachusetts during 1953, 87 
percent occurred in urban areas. Likewise, 
87 percent of the direct costs were from acci- 
dents occurring in urban areas. 

Classified by highway systems, the cost of 
fatal accidents was $662,810 on the Federal- 
aid primary system, $227,480 on the Federal- 


aid secondary system, and $751,460 on local 
roads not a part of the Federal-aid systems. 

In the Federal-aid primary system, State 
highways had a decidedly lower average 
accident rate than local roads. Conversely. 
in the Federal-aid secondary system the 
State highways had a much higher accident 
rate than local roads. 

In addition to these general system find- 
ings, the article demonstrates that high- 
ways with full control of access experienced 
much lower accident rates, ata given traffic 
volume, than did those highways where 
access was not controlled. 

The Economie Cost of Traffic Accidents in 
Relation to the Vehicle (page 44) compares 
the accident experience of passenger cars 


and trucks registered in Massachusetts. 4 
further comparison is made of trucks 


grouped by visual classification and by gross 
weight classification. 

A significant finding was that the cost of 
accidents per mile of travel for passenger 
cars was nearly double that of trucks, with 
the single exception of cost per mile for fatal 
accidents. It was also found that both the 
accident involvement rate and the accident 
cost per mile for passenger cars increased 
with the age of the car, but this was not true 
of trucks. 

Truck-tractor-semitrailer combinations 
had the best accident record among the 
truck groups, on the basis of exposure, with 
the sole exception of a higher fatal involve- 
ment rate and fatal accident cost per mile. 
Panel and pickup trucks, together with the 
2-axle, 6-tire trucks, accounted for 82 per- 
cent of the truck registrations, 73 percent of 
the truck travel, 74 percent of all truck in- 
volvements in accidents, and 80 percent of 
the truck accident costs. 

An important relation developed with re- 


gard to registered gross weight was the 
decrease of accident cost per mile as the 


Both 


ment rate and accident cost per mile of the 


gross weight increased. the involve- 
heaviest group of trucks were the most 
favorable when compared to those of all 
other trucks. 

The Economic Cost of Traffie Accidents in 
Relation to Highway Planning (p. 49) points 
up the value of traffic accident cost data to 
the highway planner in evaluating and 
scheduling highway improvement. 

The article also compares the frequencies 
and costs of traffic accidents in Utah in 1955 
with the results found in the 1953 Massa- 
chusetts study.! Despite dissimilarities 
in geographic characteristics and popula- 
tion densities, the relative distributions of 
accidents in the two States were quite con- 
sistent. As to costs, regardless of severity 
or type, accidents were more costly in Utah 


than in Massachusetts. 
1 The Economic Costs of Motor-Vehicle Accidents of Different 
Types, by Robie Dunman, PuBLic ROADs, vol, 30, No. 2, 


June 1958. The basic data from that article are included in 
the tables on p. 50 of this issue. 
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The Keonomic Cost of Traffic Accidents 
in Relation to the Human Hlemen 


BY THE DIVISION OF TRAFFIC OPERATIONS 


BUREAU OF PUBLIC ROADS 


XTENSIVE use of traffie accident cost 

data developed by the Massachusetts De- 
partment of Public Works and by the Massa- 
chusetts Registry of Motor Vehicles in cooper- 
ation with the U.S. Bureau of Public Roads 
was made in the Congressional report The 
Federal Role in Highway Safety.2. These data 
have also been used as the basis of other re- 
ports relating economic costs to accident types, 
characteristics of the street and highway sys- 
and to the characteristics of motor 
vehicles. This article, using data from the 
same source, relates the economic cost of 
motor-vehicle traffic accidents to persons. 

Comparisons involving passenger cars of 
Massachusetts registry in 1953 are made of 
the accident experience of automobile drivers, 
passengers, pedestrians, and other persons in- 
volved in motor-vehicle traffe accidents. The 
number of accidents, the number of persons 
involved, the number of persons injured fatally, 
seriously, and superficially, the number hospi- 
talized, and the number permanently and 
temporarily disabled are discussed. Equally 
important, the cost of accidents and injuries 
is revealed. 

Injury rates and injury cost rates, number 
of persons injured per 100,000 population, and 
the per capita cost of their injuries show the 
relative economic importance of the accidents 
and injuries experienced by each class of 


tems, 


persons. 

The Massachusetts study of the economic 
cost of motor-vehicle accidents encompassed 
the total driving experience of all licensed 
operators of passenger cars and cargo-carrying 
vehicles of Massachusetts registry, including 
those who experienced accidents and those 
who did not, in the operation of passenger ears 
during 1953, within or outside the State, and 
in the operation of cargo-carrying vehicles 
during 1955. However, the discussion in this 
article is confined to the accident experience of 
Massachusetts licensed passenger-car operators 
and persons in motor-vehicle traffic accidents 
involving passenger cars on public streets and 
highways of the State. This article excludes 
accident experience of truck operators, the 
number and cost of accidents occurring on 
private property, and the number and cost of 
mishaps involving acts of vandalism and acts 
of God. 

Statistical studies of the motor-vehicle acci- 
dent costs were based on a probability sample 

1 Presented at the 389th Annual Meeting of the Highway 


Research Board, Washington, D.C., January 1960. 
2 House Document No. 93, 86th. Congress, 1st Session, 1959. 
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designed to be accurate within 10 percent. 
To determine the number of persons involved 
in fatal accidents, original accident reports 
were reviewed and the number of persons 
reported represents a firm figure. The number 
of drivers involved in nonfatal injury and 
property-damage-only accidents was unavoid- 
ably slightly inflated because a driver who was 
involved in more than one accident during the 
year was counted as one driver each time he 
was involved in an accident. The number of 
passengers involved in accidents was estimated 
on the basis of an average passenger-car 
occupancy of 1.6 persons. The number of 
pedestrians and ‘other’? persons nonfatally 
injured, however, was obtained from the 
original accident reports. 

Costs reflected in this article are direct costs 
and consist exclusively of the money value of 
damage to property, injuries to persons, work- 
time lost, loss of use of vehicle, legal and court 
costs, damage awards in excess of actual cost, 
and small miscellaneous items. The number 
of persons losing worktime includes only those 
employed in gainful occupations. The number 
of workdays lost includes time lost for treat- 
ment of injuries, for convalescence, and for 
settlement of claims. 

The activity class, ‘‘others,’’ used through- 
out this article, consists of persons using con- 
veyances other than motor-vehicles—such as 
bicycles, horsedrawn vehicles, and trolley cars. 

Physical injury that impaired earning capac- 
ity is referred to as disability. The degree of 
disability as used is a measure of the extent 


” 





Table 1.—Number of persons in traffic accidents involving passenger cars, classified b 
severity of accident and activity 
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to which persons injured in motor-vehiel } 
trafic accidents were handicapped in makin 
a living. There are two classes of disability— 
temporary disability and permanent disability 
Under the temporary disability class, there ar 
two degrees of disability—total and partia }- 
The degree of permanent disability is ex} 
pressed in percentages of 25, 50, 75, and 10C} 

The data regarding persons permanentl 
and temporarily disabled as a result of motor 
vehicle traffic accidents in Massachusett 
appeared to be incomplete and therefore no 
usable in this However, rathe } 
than include no information on this importan 
part of the problem, an approximation wa 
derived by applying to the number of person 
injured in Massachusetts, the percentage 6 
persons injured that were disabled in th 
State of Utah, where a similar study wa 
being conducted. 





analysis. 


Persons in Accidents 


In 1953, the population of Massachusett 
was 4,773,000. Of this total, 362,280 person 
were involved in 131,536 motor-vehicle traffi 
accidents. Table 1 shows the number ¢ 
accidents and their severity, the number © 
persons in accidents, the severity of thei 
injuries, and their activity at the time of th 
accident. 

The most significant point drawn from tabl 
1 was the great number of persons involve 
and the relatively small number of person 
killed and injured in motor-vehicle traffi 
accidents. The 362,280 persons involved i 
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otor-vehicle traffic accidents during 1953 
epresented one out of every 13 persons, or 
7.6 percent of the total population. However, 
f all the persons involved in motor-vehicle 
raffic accidents only 45,472, or 12.5 percent, 
were either fatally or nonfatally injured. 
he vast majority of persons involved, 
16,808 (87.5 percent), experienced no injury 
whatever. 

In the distribution of persons involved in 
motor-vehicle traffic accidents by their activity 
at the time of accident, there were more 
rivers involved in accidents than there were 
ersons in the other three activity classes 
2zombined. Of the total persons involved in 
accidents 61.3 percent were drivers, 36.8 
percent were passengers, 1.6 percent were 
pedestrians, and 0.3 percent were others. 

An interesting distribution, presented in 
igure 1, is the makeup of accidents of differ- 
ant severity. All persons in fatal injury 
accidents were not killed and all persons in 


aonfatal injury accidents were not injured. 


For example, two cars, each with two occu- 
pants, may have collided. One occupant 
may have been fatally injured, another non- 
fatally injured, and the other two occupants 
may have avoided injury entirely.) Of the 


718 persons involved in fatal injury accidents, 


59 percent were killed, 23 percent were non- 


| fatally injured, and 18 percent sustained no 


injuries whatever. Of the 93,634 persons 
involved in nonfatal injury accidents, 48 
percent were injured and 52 percent were not 
injured. 

In terms of number of accidents rather than 
involvement of persons, it may be noted from 


ftable 1 that of the 131,536 accidents reported 


75 percent were property-damage-only acci- 
dents, and only 0.2 percent were fatal injury 
accidents. 


| _ Persons Injured and Injury Rates 


In table 2 it is found that only 1 out of 8 
persons involved in motor-vehicle accidents 


| \was injured and that more than half of those 





injured were not seriously injured. In terms 


| of numbers, there were 421 persons fatally 


injured and 45,051 persons nonfatally injured. 
Of the persons nonfatally injured 27,006 
experienced only superficial injuries such as 
mild shock, bumps, scratches, and bruises. 
The remaining 18,045 experienced serious 
injuries such as concussions, fractured bones, 
internal injuries, deep cuts, and dismember- 
ment of body extremities. 

Data from table 2 also indicate that more 
‘than 1 out of every 3 persons killed in traffic 
accidents was a pedestrian. It is significant, 
too, that more passengers than drivers were 
‘killed in traffic accidents, since on the basis of 
javerage car occupancy Of 1.6 persons, the 
relative exposure of drivers as compared to 
that of passengers was in a ratio of 5 to 3. 
As to the number of persons nonfatally injured 
‘in traffic accidents, drivers constituted approx- 
imately one-half of the total. 
| In figure 2, the fatal injury rate—persons 
fatally injured in traffic accidents per 100,000 
‘population—relates the high incidence of 
‘pedestrians and passengers in fatal accidents. 
Figure 3 shows the rate at which persons in 
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PERCENTAGE OF PERSONS 


INVOLVED 


INJURED : 


INJURED : 


FATALLY 
NONFATALLY 
NONFATALLY INJURED 





FATAL INJURY NONFATAL INJURY 
ACCIDENTS ACCIDENTS 


Figure 1.—Percentage distribution of per- 
sons tnvolved in accidents, classified by 
severity of injury. 

traffic accidents were seriously and super- 

ficially injured. This latter chart points up 

the superficial nature of the majority of traffic 
accident injuries and also shows that a much 
higher percentage of drivers were seriously 
injured than any other activity group. 

Furthermore, it shows that most pedestrians 

not fatally injured were only superficially 

injured, 


Age and sex of persons injured 


Table 3 shows the number of persons and 
the number per 100,000 population in each 
age and sex group that were injured in traffic 
accidents, classified by severity of injury. 
Of every 100,000 persons in the State, 953 
were injured in a traffic accident during the 
vear and the majority of those injured were 
male persons. A total of 25,579 males were 
fatally and nonfatally injured, or 1,107 males 
per 100,000 male persons. 

Categorized by age groups, more persons 
from 30 to 39 years of age were injured than 
in any other age group, and the next largest 





TOTAL PERSONS FATALLY INJURED 
100,000 POPULATION: 8.8 
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INJURED PER 








PERSONS FATALLY 


PASSENGERS PEDESTRIANS OTHERS 
ACTIVITY 
Figure 2.—Fatal injury rate, classified by 
activity. 


DRIVERS 


category was the 20-29 age group. Of all 
persons injured 43 percent were in these two 
age groups. However, of more importance 
from the economic point of view, 70 percent 
of the persons injured were from 20 to 59 
years of age—the ages supplying most of the 
labor force of the State. 

In every age group except one, male persons 
had a higher fatal injury rate than females; 
and in the one exception the rate was the 
same for both sexes. In the 20-29 age group 
for males and in the 50 and over age groups 
for both males and females, a relatively high 
fatal injury rate occurred. The higher rates 
in the older age groups were believed to have 
been largely brought about by pedestrian 
deaths. 

Turning to the nonfatal injuries per 100,000 
in each age and sex group (table 3), males had 
a higher rate at every age, with only the 
youngest age group evidencing a closeness. 
Males in the 20-29 and 30-39 groups 
had the highest injury rate, and females 60 
and over had the lowest nonfatal injury rate. 


age 


Persons hospitalized 


The number of persons nonfatally injured 
in traffic accidents that were hospitalized is 
shown in table 4. One of the most remarkable 
items derived from the 1953 Massachusetts 
accident study was evidence of the relatively 


Table 2.—Number of persons in traffic accidents and number per 100,000 population, 
classified by severity and activity 
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Figure 3.—Nonfatal injury rate, classified by 
|; activity and severity. 


small number of nonfatally injured persons 
that required hospitalization. Only 15 per- 
cent of the persons nonfatally injured spent 
time in the hospital as a result of their in- 
juries. Table 4 also shows that the 6,647 
persons confined to the hospital remained there 
a total of 62,148 days or an average of 9.4 
days per person. 

During 1958, of the 45,051 persons non- 
fatally injured, 16,204, or 35.9 percent were 
examined in a hospital after the accident. 
Of those examined, 6,647 were confined while 
9,557 persons were released from the hospital 
immediately after receiving emergency treat- 
ment. There were 28,847 persons, or 61.4 
percent of all the persons nonfatally injured, 
that were either treated outside hospitals or 
received no professional treatment. These 
figures are additional evidence of the super- 
ficial nature of a large majority of traffic 
accident injuries. 

Only 10 percent of the passengers that were 
injured required hospitalization, as compared 
with 16 percent of the drivers and 25 percent 
of the injured pedestrians. Persons in the 





“other” category that were hospitalized had 
the highest percentage rate, but the number 
of persons in this category represented less 
than 8 percent of the total number of persons 
injured. 

Considered by activity class, over one-half 
of the persons requiring hospitalization were 
drivers, one-fourth were passengers, and one- 
sixth were pedestrians. 


Table 4.—Number of persons nonfatally 
injured in accidents and time in hospital 
as the result of such injuries 


Total 
persons 
non- 
fatally 
injured 


Aver- 
age 
days in 
hospi- 
tal 


Persons 
hospital- 
ized 


Days in 
hospital 


Activity 





22, 234 
17, 189 
4, 545 
1, 083 


Driversies== 
Passengers__-_ 
Pedestrians __ 
Others 


33, 804 
15, 020 
10, 580 

2, 744 


Total or 
average __ 





45, 051 62, 148 














Worktime lost 


The number of nonfatally injured persons 
losing worktime and the amount of worktime 
lost as a result of motor-vehicle traffic acci- 
dents, shown in table 5, revealed the interest- 
ing point that more than one-half of the 
persons injured did not lose time from work. 
This situation appeared to be brought about 
by two factors: First, many injured persons 
were not members of the labor force, and 
second, three-fifths of the nonfatal injuries 
were of a superficial nature. The average 
number of work days lost per person was 19 
days. 

Of the 22,234 drivers nonfatally injured, 
60 percent lost time from work, whereas a 
similar comparison for passengers and pedes- 
trians show percentages of 28 and 23, re- 
spectively. Of the 19,405 persons losing 
worktime, drivers accounted for 68 percent; 
passengers, 25 percent; pedestrians, 6 percent; 
and others, 1 percent. 


Persons Disabled 


Table 6 shows the number of persons injured 
in traffic accidents that were disabled, and the 
disability rate per 100,000 population. As 


Table 3.—Number of persons injured in accidents and number injured per 100,000 
population, classified by age, sex, and severity 


Males injured 
Age of 





Females injured All persons injured 





persons 


Fatally | Nonfatally 


Fatally 


Nonfatally Fatally | Nonfatally| Total 





Number 
injured: 
Under 10_-- 2, 993 
3, 070 
5, 187 
5, 579 
3, 668 
2, 958 
1, 856 
25, 311 


60 and over 
wotalass 


Number per 
100,000: ! 
Under 10_-_- 


aot 
ONPRN NRW & 


60 and over- 
Total__- 



































1 Number of persons injured per 100,000 in each age and sex group. 
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Table 5.—Number of persons sont 
injured in accidents and worktime lo 
from such injuries i 





Total 
work- 
days 
lost 


Total | 
persons | 
non- | losing 
fatally | worktime 

injured | 


Average 
work- 
days 


Persons 
Activity 


person } 





20. 4 
14.5 
21.9 
20,0 


22, 234 
17, 189 
4, 545 
1, 083 


13, 261 
4, 880 
1, 058 

211 


271, 170 
70, 795 
23, 107 

4, 200 


Drivers_----- 
Passengers_-- 
Pedestrians __ 
@thersteesese 


Total or 
average_-| 45,051 19, 405 


369, 272 


19.0 











mentioned earlier in this article, the distribu 
tion made according to degree of disability 
was based on percentage data provided b; 
Utah. On this basis, of the 45,051 person 
nonfatally injured in traffic accidents i 
Massachusetts, 2,117 were permanently dis 


abled to some degree, and 3,514 were tempo] 
partially | 
It is important to note that of all those person) | 


rarily disabled either totally or 
nonfatally injured only 225 suffered tota 
permanent disability, or a rate of less than 
5 persons per 100,000 population. } 

Table 6 also indicates the relative impor 
tance of temporary and permanent disabilitie; 
in the overall traffic accident injury picture 
Numerically, 


count for a sizeable portion of every accide 
direct cost dollar. 
nently disabled, only a small proportion hac 
total disability. 


in the 25-percent disability group. 


Total Direct Cost of Accidents — 


The total direct cost of motor-vehicle 
traffic accidents is summarized in table 7 by 
severity of accident and by cost elements 
In considering the direct cost of motor-vehicl 
accidents it is necessary to distinguish be 
tween property damage costs, which maj 


disabilities are relatively smal} 
but from an economic point of view they ae} 


Considering the perma ]}} 


In contrast, almost 65 per |} 
cent of the permanently disabled group wert }) 





1] 


occur in any type of accident, and property: 


damage-only accidents. Property damage 
relates to an element of cost of an accident 
whereas the property-damage-only accident 
refers to the severity class of an accident 
where no injuries were sustained. Tota 


property damage costs of property-damage: | 


only accidents amounted to $17,900,000, whick 


Table 6.—Number of persons nonfatally 
injured and the extent of their disability 


Persons 
nonfatally 
injured per 

100,000 
population 


Number 
of persons 
nonfatally 

injured ! 


Degree of disability 





Permanent disability: 
LOMDOLCCN tesece ee eee eee 
HO per cCentlas- ses ae seee ne 
2D DeTCEn teeeea ee ee 
Sie omenewe ee 
Temporary disability: 


GOST 60 


“Ito or mb 
NS 
AAS wwamo-T 


hotaltdisapledsse= =e 
Total not disabled _-__--.__- ty 
RO tan FURIES eee ee i iV 


1 Distribution of persons according to degree of disability 


was derived from data provided by the State of Utah, whee 
a similar accident cost study was conducted. 
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7 Subtotal 








fi) 


Cost elements 


i | Hospital 
| 
| 


Table 7.—Total direct cost of traffic accidents by cost elements and severity 


of accident 


Severity of accident 





Fatal 
injury 


| | All 
Total Property- | accidents 

injury damage- 

only 


Nonfatal 
injury 





Property damage: 
Vehicle__ 
Other property_- 
Subtotal 
Injury treatment: 
Doctors and dentists___ 


($1,000) 
238 





Ambulance 
Miscellaneous___ 
Subtotal 
Incidental costs: 
Loss of vehicle use___ 
WAU GLO MU1ING. 105 Geen ee ee 
Legal assistance and court fees____- 
Damage awards and settlements__-_ 


9 May ot eo 3 ee Oe ee 





yas almost twice the property damage costs 
if total injury accidents. This, however, was 
o be expected because of the much greater 
umber of property-damage-only accidents. 


YY Vhen all the other elements of costs were con- 








idered with the property damage costs, all 
yjury accidents cost 52 percent more than 
he property-damage-only accidents. 


FATAL-INJURY - ACCIDENT 
COST DOLLAR 
















AWARDS AND 
SETTLEMENTS 


64¢ 





WORKTIME 
LOST 2¢ 


DAMAGE 


LEGAL AND 
COURT FEES 


TREATMENT 
OF INJURIES 3¢ 


PROPERT Y- DAMAGE- ONLY- 
ACCIDENT COST DOLLAR 







PROPERTY DAMAGE 
90¢ 





LOSS OF USE 
OF VEHICLE 1¢ AWARDS AND 


SETTLEMENTS 4¢ 


LEGAL AND 
COURT FEES 3¢ 


WORKTIME 
LOST 2¢ 





($1,000) | ($1,000) 
9, 590 

104 
9, 694 


($1,000) 
17, 722 


204 


($1,000) 

2 a We 
308 

27, 620 


2,063 2, 063 
1, 141 ; 1,141 
58 Date ane 58 
142 142 
3, 404 3, 404 


111 

, 093 
, 631 
8, 397 
, 232 


359 

4, 566 
5, 189 
9, O86 
19, 200 





28, 688 , 330 50, 224 











The average accident cost dollar, illustrated 
in figure 4 for each severity class and for each 
of the elements of cost, vividly deseribes the 
makeup of the $50,224,000 spent on accidents 
in Massachusetts during 1953. A most sig- 
nificant fact is that the cost of property dam- 
age was greater than that of all other elements 
of accident cost combined. The minor eco- 


NONFATAL—INJURY -ACCIDENT 
COST DOLLAR 








PROPERTY DAMAGE 
33¢ 


TREATMENT 


OF INJURIES 
is AWARDS 
AND 


SETTLEMENTS 
26¢ 








WORKTIME 
EOST 


14¢ 


AVERAGE ACCIDENT 
COST DOLLAR 








PROPERTY DAMAGE 
35¢ 


TREATMENT OF 


INJURIES 7¢ AWARDS AND | 


SETTLEMENTS | 


WORKTIME 
LOST 





LEGAL ANDO | 
COURT FEES 


Figure 4.—Direct cost of traffic accidents shown as fractional parts of a dollar. 
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nomic role of the treatment of injuries as 
a cost element is also indicated. 

The ‘‘fatal injury accident dollar’ is repre- 
sentative of the $1,642,000 spent fatal 
accidents during 1953. It the 
overriding economic importance of damage 
awards and settlements, which in this instance 
largely represents the value of human life. 
The “fatal injury accident dollar’ also shows 
that there is a fairly large element of property 


On 


illustrates 


damage cost even in this most serious severity 
class of accident. 

The “nonfatal injury accident dollar” repre- 
the $28,688,000 
injury accidents during the 12-month period. 
In the breakdown of this cost dollar the work- 
time than the of 
injuries, and property damage accounted for 
one-third of the total cost of nonfatal injury 


sents spent on nonfatal 


loss cost more treatment 


accidents. Also, legal and court fees (15 
cents out of the dollar) cost more than half 


as much as awards and settlements (26 cents 
out of the dollar). 

The “property-damage-only accident dol- 
lar” is representative of the $19,894,000 
spent on  property-damage-only accidents 
during the year. The significant thing about 
this diagram is that there were elements of 
cost other than property damage which 
accounted for 10 cents out of every property- 
damage-only accident dollar. 


Table 8.—Direct cost of injuries by severity 
of injury and activity 


| 


Nonfatally | 
injured! | 


Fatally 
injured 


All persons 
injured 


Activity of 
persons injured 





($1,000) 
11, 708 
5, 424 
3, 12! 
375 


($1,000) | 
11, 552 
5, 046 
2, 305 
331 


($1,000) 
156 | 
378s 
824 


Driversses= ses s= 


Passengers__----| 
Pedestrians___-_| 
Others ee= eee 44 








19, 234 


20, 636 





1 $13,906,000—cost of seriously injured; $5,328,000—cost of 


superficially injured. 
Cost of injuries by activity 


The direct cost to persons fatally and non- 
fatally injured in motor-vehicle traffic acci- 
dents is arrayed in table 8 by activity. The 
study did not provide a breakdown of costs 
for seriously and superficially injured persons 
according to their activity, but in total the 
amounts were $13,906,000 and $5,528,000, 
respectively. The $20,636,000 cost of injuries 
is the total direct cost of fatal and nonfatal 
accidents, less the cost of property damage 
incurred in them, as shown in table 7. 

Over half of the total traffic accident injury 
cost was borne by drivers, who experienced 
approximately twice as much injury cost as 
passengers. Average injury costs per person 
involved are calculated to be $524 for drivers, 
$313 for $665 for pedestrians, 
and $343 for all other injured persons. 

The average direct cost of injuries sustained 
by persons in traffic accidents, classified by 
the severity of injury, is shown in figure 5. 
The average cost of a fatal injury was $3,300, 
which was 4 times the amount expended for 
the serious nonfatal injury, and 17 times the 
cost for the superficial nonfatal injury. How- 
ever, this comparison gives an erroneous idea 
of the economic importance of fatal injuries 


passengers, 
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35 persons in accidents by the severity of their 2 


injuries and by their age and sex. It also 




















while in the injuries of females, the nonfatal 
injury cost was 23 times as great as the cost of 
their fatal injuries. 

The per capita cost of fatal injuries resulting 
from motor-vehicle traffic accidents, calculated 








o shows the injury cost rate per 100,000 population yee $4.39 
& 30 . : 4 eee ats 
= for the different groups. Among the important a fa eae yy 
3 facts observed was that nonfatal injuries, Se ree 
W295 $403,000 per 100,000 persons, cost approxi- lope, Mab bh tee SL 
o mately 14 times as much as fatal injuries, 

a 

w $29,000 per 100,000 persons; and that the cost 8 

Z 20 of injuries to males exceeded the cost of in- 

& juries to females by 11.4 percent. In the in- 

m juries of males, the nonfatal cost was 10 times 

°o . wots : 

a l* as great as the cost of their fatal injuries; 6 
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Ww 
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DIRECT COST PER CAPITA—DOLLARS 


by dividing injury cost by the number of per- 

















Y) 
: oo " sons (total population) in each age and sex 2 Y 
FATAL. SERIOUS SUPERFICIAL TOTAL ALL group, shows that the age groups of 20-29 and Y) " 
ES NONFATAL INJURIES ey eS over 50 had the highest injury cost rates. Z 
Figure 5.—Average direct cost of injuries The high cost rate in the 20-29 year group OAS ARSE Oe hi 
sustained in accidents, according to would appear to reflect the high injury rate oie GSMO 20 30 40 50 60 44 
severity of injury. and the greater exposure to accidents of this UBD ye = TOS ORG: aaa 3 
age group. The extremely high rates for per- AGE — YEARS 





unless the total costs and number of persons S08 over 50 years of age reflects two things: 


2 - each Figure 6.—Per capita direct cost, withi})’ 
increased earning power that comes with age 


are considered. The serious nonfatal injuries, each age and sex group, of nonfata}),) 





in total, cost almost 10 times as much as fatal and experience, and failing physical character- injuries. as 
injuries. Referring back to table 2, there istics that come with age. 14 
were 18,045 persons seriously injured, as The per capita costs of nonfatal injuries re- ally increased with age—the 40-49 and th},y 
compared to 421 persons fatally injured. sulting from traffic accidents are shown in over 60 age groups being the only exceptions J), 


figure 6, calculated in exactly the same way The higher value of worktime lost and th 
used for calculating the per capita cost of fatal slower rate of recovery in the 50-59 age grou} », 
Table 9 shows the direct cost of injuries to injuries. The cost of injuries to males gener- are clearly reflected in this chart. 


Cost of injuries by age and sex 





Table 9.—Direct cost to persons injured in accidents and costs per 100,000 persons, 
classified by age, sex, and severity of injury 



























































ele 
Males injured Females injured All persons injured ts 
Age of persons ut 
Fatally Non- Total Fatally Non- Total Fatally Non- Total Mi 
fatally fatally fatally len 
Cost to persons ii 
injured: ($1,000) ($1,000) ($1,000) (81,000) ($1,000) (81,000) ($1,000) ($1,000) ($1,000) R 
Under 10__--- 112 539 651 50 424 474 162 963 1,125 Kt 
JOSLOAE == 2oee 67 739 804 19 619 638 86 1, 356 1, 442 nat 
20-20. 2 eee. | 147 1, 766 1, 913 44 1, 594 1, 6388 191 3, 360 3, 551 j 
30-39. eee: 96 2; 333 2,429 10 1, 591 1,601 106 3, 924 4, 030 
A0=49 32 £28 81 1, 678 1, 759 30 905 935 | ir 2, 583 2,694 if 
BOA59 AL a ae 141 2,074 2,215 42 3, 324 3, 324 183 5, 356 5, 539 I 
60 and over_- 370 1,009 1, 379 193 683 876 563 1, 692 2, 255 
Motaleaees 1,014 |; 10,136 | 11, 150 388 9, 098 9, 486 1, 402 19, 234 20, 636 I 
Cost to per- | iy 
sons per im 
100,000: ! Lh 
Under 10___-- 25 118 142 11 97 108 18 107 125 m 
10-19 eee #) 21 232 253 6 200 206 14 216 230 i 
20-20. sue. os 48 570 617 14 492 505 30 530. 560 Pe 
30-00 Se eee 28 682 710 3 430 433 15 551 566 
40-49________. 27 §52 579 9 270 279 17 404 422 Nt) 
b0=D9 ee eee 55 814 869 14 1, 124 1, 138 33 979 1,012 
60 and over. - 115 312 427 49 174 223 79 236 315 . ith 
nova 44 439 483 16 369 385 29 403 432 bi 
| Uo 
1 Direct cost per 100,000 persons in each age and sex group. th 
Wd 
ia 
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VHE traffic accident toll in number of 
- persons killed and injured been 
blicized so frequently that many people 
e quite familiar with the figures and can 
ren relate the details of the latest fatal 
cident. Few persons, however, have an 
timate knowledge of where, on a statewide 


has 












































sis, most of the accidents are occurring, 
iat types are most frequent, and what 
yuld be the odds, as measured in number 
accidents per 100 million vehicle-miles, of 
wing an accident on Massachusetts streets 
ad highways. Prior to the 1954-55 accident 
«st study conducted by the Massachusetts 
‘epartment of Public Works and the Registry 
Motor Vehicles in cooperation with the 
.S. Bureau of Public Roads, the monetary 
ist of traffic accidents was purely conjectural. 
The purpose of this article is to evaluate 
‘e efficiency of the highway systems in 
lassachusetts from the standpoint of losses 
rough automobile accidents. This article 
iows what the 1954-55 accident cost study 
vealed in terms of accident rates and direct 
sts of accidents on the State highways 
id local roads in Massachusetts and also 
dints out where special attention should 
2 directed in order to stem the tide of rising 
scident toll. It is reasonable to expect that 
1e conditions which prevail in Massachusetts 
‘e typical of those in many other States. 


lighway Systems in Massachusetts 


The highway network in Massachusetts 
in be classified into six major systems 
hose total extent in 1953 was 24,506 miles. 
the three general systems consist of the 
‘ederal-aid primary system, Federal-aid 
scondary system, and non-Federal-aid (high- 
ays and roads not a part of any Federal-aid 
ystem). Within each system two classifica- 
ons were made: State highways and local 
yads. A breakdown of total mileage and 
ehicle-miles traveled on each system during 
953, the year upon which the accident cost 
tudy was based, is shown in table 1. 


fecident Experience on Highways and 


Roads 


In 1953, there were 1.239 million registered 


assenger cars and 1.853 million licensed 
perators in Massachusetts. The vehicle- 


iles driven in passenger cars during 1953 
n the State’s highways totalled 11.628 








! Presented at the 39th Annual Meeting of the Highway 
}iesearch Board, Washington, D.C., January 1960. 
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he Lconomic Cost of Traffic Accidents 
in Relation to the Highway Systems 


By BERNARD B. TWOMBLY,! Traffic Engineer, 
Massachusetts Department of Public Works 


billion. In the same year, there were 131,536 
passenger-car accidents which resulted in a 
direct cost of $50.224 million. 

Massachusetts, though densely populated 
in many sections, still has a low proportion 
of urban areas when compared with rural 
areas. Approximately 15 percent of the 
8,093 square miles are classed as urban and 
85 percent as rural. 

From table 2, the basic accident table, it 
is found that 88 percent of all accidents in 
the State occurred on urban highways and 
streets, which consisted of about one-fourth 
of the State’s total mileage. This point is 
significant when considering density of acci- 
dents on the various highway systems. 
Moreover, two-thirds of all accidents in the 
State occurred in its 39 cities. 

Table 2 also furnishes a comparison of the 
accident experience on the State highways and 
local roads. Without considering road mile- 
age and traffic volumes, the 24,562 accidents 
on the State highways in comparison with 
the 106,974 accidents on the local road systems 
clearly show where the chief problem in 
accident reduction lies. 

The Federal-aid primary and secondary 
systems accounted for 36 percent of the 
131,586 accidents. Of the 47, 681 accidents 
on these two systems, 24,080 occurred on 
State highways and 23,601 on local roads. 

In terms of number of accidents classified 
by severity of accident, the property-damage- 
only accidents far outweighed the fatal and 
nonfatal injury accidents. Without the facts 
it is difficult to realize that 97,951 property- 
damage-only accidents occurred in one year 
and that these comprised 75 percent of all 


accidents. Local systems accounted for 80 
percent of the property-damage-only acci- 
dents. 


Accident experience rates 


The average number of accidents per mile 
of road on State highways was 11.6 as com- 
pared with 4.7 on local roads. The mileage 
of the State highways was 2,109 miles while 
mileage of the local roads was 22,397 miles. 
Thus, the frequency of accidents on State 
highways was more than double that on local 
roads, but the State highways constituted only 
9 percent of the road mileage in the State. 

In the comparisons of motor-vehicle traffic 
accident rates the efficiencies of the various 
systems with respect to safety are made 
evident. Table 3 shows accident rates per 100 
million vehicle-miles and is of value since it 
employs the widely accepted method of com- 
paring accident experience on highways. 

The accident rates in table 3 
revealing. The figures show the 
comparisons in accident rates on each system: 
On the Federal-aid primary 
accident rate (per 100 million vehicle-miles) 
on the State highways was 432, and 1,211 on 
local roads. On the Federal-aid secondary 
system the rates were reversed, with 1,537 
accidents per 100 million vehicle-miles on the 
State highways and 399 on local roads. On 
the non-Federal-aid highways and roads, with 


are most 


following: 


system the 


a preponderance of mileage on the local roads, 
there were 225 per 100 
vehicle-miles on the State highways and 2,107 


accidents million 
on local roads. 

The reversal of accident rates in the various 
systems occasioned special study in an at- 


Table 1.— System mileage and vehicle-miles traveled by passenger cars on State 
highways and local roads in Massachusetts in 1953 


Highway system 


Urban Total 


Million 
vehicle- 
miles 


Million | 
vehicle- | 
miles | 


Million | 
vehicle- 
miles 


Miles Miles 





Federal-aid primary: 
State highways__-_ 
THOGAITOAGS sean 

Subtotal 

Federal-aid secondary: 
State highways___ 
Local roads_ 

Subtotal 

Non-Federal-aid: 
State highways- __----- ENS PES 141 
Local roads_-- ae , 987 

Subtotal 5, 128 


Shs) 
119 
, 238 


359 
, 301 
, 660 


All highways and roads: 
State highways_ _- 
Local roads_- 

Do tales 


619 
, 407 
5, 026 








397 
333 
730 


79 
447 


526 


14 
5, 210 
5, 224 


490 
5, 990 
6, 480 





39 














7? 
Number of accidents, classified by severity and location | 
Highway system Fatal Nonfatal Propert y-damage-only Total 
Rural Urban Total | Rural Urban Total Rural Urban Total Rural Urban Total 
Federal-aid primary: aa ie se 5 
State highways_-_..--------- ae 40 33 73 1, 903 2, 249 4,152 | 4,481 8,703 | 13,184 6, 424 10, 985 17, 409 
10Cal rOkdSa2 Oe. wa oe eee 49 | 49 15 5, 216 Brooleedieees = 2 12,081 | 12,081 15 17, 346 17, 361 
Subtotalsss- 52 sea eee ee 40) | 82 122 1,918 7,465 9, 3883 4, 481 20, 784 25, 265 6, 439 28, 331 34, 770 
Federal-aid secondary: | : : , ; a 
State highiwnys=sse- === ee 24 5 20 ea 576 410 986 8, 257 2, 399 5, 656 3; 857 2, 814 6, 671 
yocal Top dst a aaeee eae NE S| eee 20 20 30 1, 514 a | ees 4, 676 4, 676 . 30 6, 210 6, 240 
Subtotals ae ae wee Se 24 25 49 606 1, 924 2, 5380 3, 257 7,075 10, 332 3, 887 9, 024 12, 911 
Non-Federal-aid: MA 
State highways! 2) ee es aa acs) ee eeee a eee ee Nee | 1200%|\ eee ee 120 90 272 362 _ 210 __ 272 _ 482 
Local TOadss saa eee ee Bein BAS 26 118 144 1, 304 19, 933 21, 237 4, 676 57, 316 61, 992 6, 006 v7, 367 83, 373 
Subtotal ees ei ee eee | 26 118 144 1, 424 19, 933 21, 357 4, 766 57, 588 62, 354 6, 216 77, 639 83, 855 
All highways and roads: 3 ; 
State highways____-------- ae =t we. 8 64 38) 102 2, 599 2, 659 5, 258 7, 828 11, 374 19, 202 10, 491 14, 071 24, 562 
TsO Cal TOAdSaes eee ee ee ee 26 187 213 1, 349 26, 663 28, 012 4, 676 74, 073 78, 749 6, 051 100, 923 106, 97 4 
TO Galle are et oe Ne ee ee Oe, 90 220 315 3, 948 29, 322 33, 270 12, 504 85, 447 Oi9oL 16, 542 114, 994 131, 536 








Table 3.—Motor-vehicle traffic accident rate by highway system and severity for passenger cars registered in Massachusetts, 























1953 


Number of accidents per 100 million vehicle-miles, classified by severity and location 
































Highway system Fatal Nonfatal Property-damage-only Total 
Rural | Urban | Total Rural Urban Total Rural Urban Total Rural Urban Total 
| 

Federal-aid primary: aan 
Sbabeuii ehiway seuss eee eee eee ae 1, 88 Wars 1.81 89. 59 118. 11 103. 07 210. 96 457.09 | 327. 30 302. 40 576. 94 432.17 
socal roads see ae See eee a 3. 91 3. 41 i338 416, 28 365, 03a meee 964. 16 843. 05 8.33 | 1,384.35 | 1,211. 51 
Subtotales 2 eee eee eee 1.73 2. 59 Zee 83. 24 236. 45 171. 81 194. 48 658. 34 462. 64 279. 42 897. 40 636. 67 

Federal-aid secondary: fae 
SPALerTS HiWielys ae ae ae 7. 92 3. 81 6. 68 190. 09 312. 97 227.18 1, 074. 91 le . 29 1, 308. 22 1, 273. 26 2,148.09 | 1, 5387. 32 
Local toads. eae eee ee ae 2.49 Le27, 3. 93 189. 01 OS AS eee eee 583. 77 299. 16 3. 93 775. 28 399. 23 
Subtotaleee ete he eee Bae 226 2. 68 23.45 56, 90 206. 43 126. 69 305. 82 759. 12 Slhiot 365. 07 968. 24 646. 56 

Non-Federal-aid: 

State; hiohivayceaes =e eee eee aoe ee TPN ae 56. 07 54. 21 566. 66 169.15 126. 50 566. 66 225. 23 
hocalir0ad Sass =e ee ee nee 1.10 7.34 3. 64 55.48: | 1,241.15 536. 83 198. 97 3, 568. 86 1, 567.03 255. 57 4,817.37 | 2,107. 50 
Subtotals: Sates ee on ere 1.03 7.138 3.45 56. 59 | 1,205.13 §12.15 189. 42 3, . 74 1, 495. 29 247.05 4, 694.01 | 2,010. 91 
All highways and roads: ii 
SUPA Ouse NS). fees = oe 2. 46 1, 82 2.18 100. 23 127. 65 112. 44 301. 88 546. 03 410. 65 404, 58 675. 51 §25. 27 
Localroad sees eee eee 78 5.10 3. 06 40. 97 728. 49 402. 93 142. 04 2, 023. 85 1,132) 75 183. 80 2,757.45 | 1, 588. 75 
Dotalss ee ee eee ee 1. 52 3. 91 2.70 67.08 510. 56 286. 11 212. 47 1, 487. 84 842. 37 281.08 2,002. 33 | 1,131.20 





the reasons therefor. 
Comparisons of the number of accidents per 
mile of highway and the number of accidents 
per 100 million vehicle-miles were both studied 
in relation to their respective system mileages. 
In neither of these possibilities could a definite 
indication or trend be detected. 

There did appear to be a relationship be- 
tween the number of accidents in terms of 
vehicle-miles as related to their average traffic 
volumes. However, this was not sufficiently 
pronounced to substantiate any definite con- 
clusions as to the reasons for the variation of 
accident rates in the various highway systems. 
A possible explanation might be that the 
priority given, since World War II, to the 
construction of controlled-access highways on 
the Federal-aid primary system, and the 
financial assistance to local governments for 
the improvement of local roads on the Federal- 
aid secondary system, have brought about 
a reduction in the accident 


tempt to determine 


rates on those 
systems. 

In any event, the results of the accident cost 
study point to the need for improvement of 
local roads on the Federal-aid primary system 
and State highways on the Federal-aid second- 
ary system, and even greater emphasis should 
be given to non-Federal-aid local roads with 
their high accident totals, extensive mileages, 
and high rate of accidents per 100 million 
vehicle-miles. 
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Total Direct Cost of Accidents 


The foregoing has been purposely confined 
to a discussion of accident experience and ac- 
cident rates on the highway systems. This 
was done in order to promote a clearer under- 
standing of the accident picture in Massa- 
chusetts. It is a fact, however, that an im- 
portant and integral part of any motor-vehicle 
accident, and aside from the aspect of per- 
sonal injury, suffering and inconvenience in- 
volved, is the monetary cost incurred. 

In this article, dollar values will be confined 
to direct costs only. The cost of accidents in 
relation to the highway systems is shown in 
tables 4and 5. For those who include among 
their responsibilities the improvement of ac- 
cident-prone highways, the overall costs of 
accidents on the highway systems in table 4 
are of special significance. The value of table 
5 is that it brings into sharp focus the cost of 
an accident to the individual or individuals 
involved. The cost varied from $203, for an 
average property-damage-only accident, up 
to $5,499 for an average fatal accident in 
urban areas. 

In 1953, there occurred a total of 131,536 
accidents which involved $50.224 million in 
direct costs. Fatal accidents made up 3 per- 
cent, nonfatal injury accidents 57 percent, and 
property-damage-only accidents 40 percent 
of the direct cost. In this cost breakdown it 

















is interesting to examine the cost comparisons 
in the light of what was previously founc 
through accident rate comparisons by agair 
using the highway systems. The costs anc 
rates found below are derived from tables 3-5 


Federal-aid primary system 


On the Federal-aid primary system, State 
highways had a better accident rate (per 106 
million vehicle-miles of travel) than loca 
roads in the ratio of 1 to 3. However, thé 
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Figure 1.—Direct cost of traffic accident: 
per mile of highway in Massachusetts 
classified by highway system. 
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ate highway accident costs exceeded those 
the local roads, being $9.9 million and 
.3 million, respectively. 
The highest total costs in each subdivision 
the Federal-aid primary system were 
ose incurred in urban nonfatal accidents— 
qat is, in accidents where nonfatal injuries 
ere involved; they amounted to almost 
8.9 million. State highways and local roads 
ach showed a total cost of approximately 
4.4 million. Also, nonfatal injury accidents 
1 urban areas accounted for 52 percent of 
he total cost of all accidents on the Federal- 
id primary system. While property-damage- 
nly accidents were also very costly in total, 
1 both rural and urban areas, these costs 
vere Only slightly more than half of the non- 
ital total costs. 


‘ederal-aid secondary system 


On Federal-aid secondary highways the 
otal accident cost was only 29 percent of 
he cost of accidents on the Federal-aid 
rimary highways. Here again, the dissimi- 
wity between accident rate comparisons and 
ost comparisons is worthy of note. In the 
‘ederal-aid secondary system local roads had 
comparatively low accident rate and the 
tate highways experienced a much greater 
ate, in the ratio of about 1 to 4. Neverthe- 
ass, the accident costs were in the ratio of 
nly 2 to 3 on local roads versus State 
ighways. 


Another noteworthy fact is that property- 
damage-only costs were greater on the second- 
ary System than were those of fatal and non- 
fatal injury accidents combined. 


Non-Federal-aid highways 


The non-Federal-aid highways and roads 
form the large network of local streets and 
connecting highways in Massachusetts. Com- 
pared with the highways and roads in the 
Federal-aid systems, they carry far 
average daily traffic. The accident rate for 
the non-Federal-aid highways and_ roads, 
expressed in number of accidents per mile of 
roadway, was less than the Federal-aid high- 
ways and roads and yet, they accounted for 
69 percent of all accidents and 56 percent of 
the total accident cost in 1953. 

Of the $28.0 million cost of accidents 
occurring on non-Federal-aid highways and 
roads, nonfatal injury accidents accounted for 
almost $16.0 million, property-damage-only 
accidents accounted for $11.3 million, and 
fatal accidents accounted for $751,460. Of 
the total amount, a very large proportion, 
$26.2 million, was incurred in urban areas. 
Thus, besides having a high accident rate in 
terms of accidents per 100 million vehicle- 
miles on its local road subdivision, accidents 
occurring on both non-Federal-aid State 
highways and local roads accounted for 56 
percent of the cost of accidents in Massa- 
chusetts. 


less 


Economic Costs and Costs Rates 


As previously noted, the efficiency of a 
highway in terms of accidents may be ob- 


tained by comparing accident rates. This is 
also true when comparing economic loss 


expressed in accident cost rates. 

An analysis of figure 1, which shows the 
direct cost of accidents per mile of highway 
on each highway system, indicates that the 
highest accident cost per mile of highway, 
$16,112, was on the Federal-aid primary local 
roads. The second highest cost was $6,857 
per mile on the Federal-aid secondary State 
highways and the third highest cost, $6,537 
per mile, was on the primary State highways. 
Accident costs per the remaining 
highways and roads were minor in comparison 
to the above three. It should be 
however, that these costs are average costs 
only and that costs fluctuate greatly on the 
many types of roadways in each system. 
Accident costs per mile, of course, present 
only one side of the picture and do not reflect 
the volumes of traffic carried. 

The comparison of accident costs per 
passenger-car-mile, excluding trucks, is shown 
in figure 2. The cost in per LOO 
million vehicle-miles has been reduced to 
fractions of a cent per mile. On the whole, 
the State highways are costing the motorist 


mile on 


stressed, 


dollars 


an average of 0.28 cent per passenger-car- 
mile while on the local roads the accident 


cost per passenger-car-mile is 0.53 cent. 


Table 4.—Direct costs of traffic accidents by highway system and severity for passenger cars registered in Massachusetts, 1953 


Cost of accidents, classified by severity and location 
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Rural Urban Total Rural Urban Total Rural Urban | Total Rural Urban | Total 
feces = = ee | == Sa ee = = 
= i : 
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Cost per accident, classified by severity and location 





Highway system Fatal Nonfatal Property-damage-only Total 





Urban Urban Total Rural Urban Total Rural Urban 





Federal-aid primary: 
State highways 
OCs) ROA See oe. a! opel 
Subtotal 
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Local roads , 092 7 ie 659 5s 746 184 
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Figure 2.—Accident costs per passenger-car- 
mile on State highways and local roads in 
Massachusetts in hundredths of a cent. 


Costs by type of accident 


A breakdown of the number of accidents 
which occurred in Massachusetts in 1953 
appears in table 6. Of the total accidents, 
84 percent involved collisions of two or more 
motor vehicles, whereas 16 percent involved 
only one vehicle. In the former grouping, 
over 48 percent of the accidents were angle 
collisions. Rear-end collisions accounted for 
the next highest percentage, 20 percent, of 
the collisions with other vehicles. ‘Other’ 
collisions, which included turning movements, 
parking maneuvers, and backing in traffic 
lanes, accounted for 12 percent of the col- 


lisions with other vehicles. Accidents in- 
volving only one motor vehicle included 
collisions with pedestrians, fixed objects, 


other objects (bicycles, scooters, etec.), and 
non-collision accidents. 

By comparing the types of collisions on the 
State highways and local roads, it is interesting 
to note that rear-end collisions retained about 
the same proportion to the total collisions, 17 
percent on State highways and 17 percent on 
local roads, but angle collisions were more 
prevalent on the local roads, 44 percent, 
whereas on State highways they accounted 
for only 23 percent of the accidents. Vehicle- 
pedestrian collisions accounted for only 2 
percent of the collisions on State highways 
and 5 percent on local roads. Collisions with 
fixed objects were in about equal proportion, 
6 percent on State highways and 5 percent 
on local roads. 

The costs of the various types of accidents 
are shown in tables 7 and 8. Table 7 shows 
total costs and table 8 shows the accident 
cost rate per 100 million vehicle-miles of 
travel. The highest cost rate of accidents 
occurring on the State highways applied to 
head-on collisions. Rear-end and angle col- 
lisions had the next highest cost rates. On 
local roads the order of cost rates was angle 
collisions highest, rear-end second, and head- 
on collisions third. 

Except for head-on collisions, sideswipe 
collisions involving two vehicles moving in 
opposite directions, single-car collisions with 
other objects, and non-collisions, the direct 
cost rates of accidents occurring on local roads 
were higher than the respective type of 
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Table 6.—Motor-vehicle traffic accidents by type of accident and highway system fa 
passenger cars registered in Massachusetts, 1953 


Federal-aid 
primary 


Federal-aid 
secondary 


Non-Federal-aid 


All highways and roads 





Type of accident 
State 
high- 
ways 


Local 
roads 


State 
high- 
Ways 


State 
high- 
ways 


Local 
roads 


Local 
roads 





Two or more car collisions: 
2, 306 
3, 403 
4, 367 


1, 462 
3, 395 
7, 726 


Rear-end 

Sideswipe direc- 
tion) 

Sideswipe (opposite direc- 
tion) 

Others 


(same 
1, 281 1, 070 

433 
2, 129 


226 
1, 333 
13, 919 15, 212 
One-car collision with: 

Pedestrians 

Hixedebjectissaaee es ae 

Otheriobjecisiae =e 
Non-collision accidents____--_- 


201 
745 
1, 751 
792 


3, 489 


327 
734 
875 
213 


2, 149 


17,408 | 17, 361 











collision on State highways. In total costs, 
only the sideswipe (opposite direction) and 
non-collision accidents had a greater cost on 
State highways. 

In the Federal-aid primary system, reducing 
the cost rate of accidents per 100 million 
vehicle-miles to a cost rate per passenger-car- 





7, 761 
13, 363 
34, 484 


2, 952 
4, 282 
5, 658 


12, 679 
22, 313 
52, 868 

7, 049 


1, 472 
13, 349 


109, 730 
5, 848 
7, 260 
6, 464 
2, 234 

21, 806 


131, 536 


4, 397 


708 
10, 570 


1, 431 


448 
3, 396 
71,273 | 18, 167 
479 

1, 439 
3, 078 
1, 399 


4, 759 
4, 361 
2, 358 

622 


12, 100 
83, 373 


6, 395 
24, 562 























mile, the total cost for all types of accident 








on the State highways was 0.24 cent pel}, 


passenger-car-mile while the local road cos} 


rate was 0.50 cent per passenger-car-mile. 
The highest cost rate for all types of acei 


dents occurring on the Federal-aid secondary |}, 


highways and roads was the rear-end col. 


Table 7.—Direct costs of traffic accidents by type of accident and highway system foi 
passenger cars registered in Massachusetts, 1953 




















Federal-aid Federal-aid Non-Federal-aid All highways and roads 
primary secondary 
Type of accident 
State Local State Local | State Local State Local 
high- roads high- roads | high- roads high- roads Total 
ways ways ways ways 
Two or more car colli- 
sions: 
Head-00ees sees $3, 857, 550} $958, 730) $312, 490) $288, 060/$36, 950)$3, 513, 630/$4, 206, 990/$4, 760, 420) $8, 967, 410 
Rear-ends2 2228s Sees 1, 745, 000|2, 140, 330} 761,900) 490, 670) 20, 400) 5, 561, 050) 2, 527, 300] 8, 192, 050/10, 719, 350 
AD eles eee eee 1, 496, 100}2, 503, 180} 528, 530) 658, 060) 16, 500)11, 973, 340) 2, 041, 130/15, 134, 580/17, 175, 710 
Sideswipe (same di- 
rection) =) ses 487,980} 221,920} 838,310) 39,640) ____- 1,104,170} 571, 290) 1, 365, 730) 1, 937, 020 
Sideswipe (opposite 
Girection) === = 339,850} 97,100} 43,500) 33,040) ____- 186,460) 383,350) 316,600) 699, 950 
Others: 25-5 Sar 452, 570! 293,600} 465,170) 186,600) 5,430) 912,600) 923,170} 1, 392,800) 2, 315, 970 
MTotalas-ss-=se- _| 8,379. 050)6, 214, 860|2, 194, 900)1, 696, 070) 79, 280) 23, 251, 250|10, 653, 230/31, 162, 180/41, 815, 410 
One-car collision with: 
Pedestrians. === 150, 250) 268,980) 55,220] 62,710} 31,500} 2, 799,550) 236,970} 3, 131, 240} 3, 368, 210 
Fixed objects_________ 547,850) 670,290) 225,310} 145,710] 35,400) 1,395,380) 808, 560} 2, 211, 380} 3, 019, 940 
Otherobjects sas aes 122,350) 93,520) 194,170) 128,900) 10,860) 135,150} 327,380) 357,570} 684, 950 
Non-collision accidents____ TLOS030ies45/G0lnoos,(050 sees 2,700) 253, 950} 1, 046, 280] 288, 710) 1, 334, 990 
otal Se 2 een Ban © 1, 580, 480}1, 067, 550} 808, 250) 337, 320) 80, 460) 4, 584, 030) 2, 419, 190} 5, 988, 900) 8, 408, 090 
All accidents______--| 9, 909, 530|7, 282, 410/3, 003, 150}2, 033, 390/159, 740|27, 835, 280/13, 072, 420/37, 151, 080|50, 223, 500 


Table 8.—Direct costs of traffic accidents per 100 million vehicle-miles by highway system 




















and type of accident for passenger cars registered in Massachusetts, 1953 








Federal-aid Federal-aid Non-Federal-aid 
primary secondary 
Ss State Local 
Type of accident high- roads Total 
State Local State Local State Local ways 
high- roads high- roads high- roads 
ways ways ways 
Two or more car collisions 
Head-0n sats soa ee $95, 768 | $66,904 | $72,002 | $18,430 | $17,266 | $88,818 | $89,970 | $68,476 | $77,119 
Rear-endiae o-oo eee 43, 322 | 149, 360 | 175,553 | 31,3938 9, 5383 | 140,573 | 54,048 | 117,837 | 92,186 
Anglec3 see. 22 eer cease 37,142 | 174,681 | 121,781 | 42,102 7,710 | 302,663 | 43,651 | 217,701 | 147, 710 
Sideswipe (same _ direc- 
tion) =27 So es 12,115 | 15,486] 19,196 D030 Mee se ee 27, 911 12,218 | 19,645 | 16, 658 
Sideswipe (opposite direc- 
tion) eee eee 8, 437 6,776 | 10,023 21145 Peees 3 4,713 8, 198 4, 554 6, 020 
Otherst es see ere eee 11, 236 | 20,489 | 107,182 | 11,939 2,538 | 23, 069 19, 743 | 20,035 | 19, 917 
Lotal 22228 22st 208, 020 | 433,696 | 505,737 | 108,514 | 37,047 | 587,747 | 227,828 | 448, 248 | 359, 610 
One-car collision with 
IRedestriam sis. sass 3,730 | 18,770 | 12; 723 4,012 | 14,720 | 70, 767 5,068 | 45, 041 28, 966 
HixedvobiectSmanse = eee. 13, 601 46,775 | 51,915 9,322 | 16,542 | 35,273 | 17,292] 31,809] 25,971 
Other‘objects=——______- 3, 038 6,526 | 44, 740 8, 247 5, 075 3, 416 7, OOL 5, 143 5, 891 
Non-collision accidents____ 17, 627 PALL 7dasstedsyay || As 1, 261 6,419 | 22,375 4,153 | 11, 481 
‘Total 25s 2a ees 37,996 | 74,497 | 186,233 | 21, 581 37, 598 | 115,875 | 51,736 | 86,146 | 72,309 
PAUIVACClGen ts aan 246,016 | 508,193 | 691,970 | 130,095 | 74,645 | 7038, 622 | 279, 564 | 534,394 | 431, 919 
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sions on State highways. Angle collisions, 
hich had the highest cost rate on the sys- 
m’s local roads, had the second highest rate 
n the State highways. ‘“Other’’ collisions 
ad the third highest rate on State highways 
hile on the local roads head-on collisions were 
ird. 
Accident cost rates for all types of accidents 
1 the secondary system’s State highways 
eatly exceeded the rate of costs on the local 
ads. In terms of cost per passenger-car- 
ile, all costs in the Federal-aid secondary 
stem on State highways were 0.69 cent as 
mpared with 0.13 cent on the local roads. 
By type of accident, the highest costs per 
0 million vehicle-miles on State highways 
t on any Federal-aid system were the head- 
1 collisions, collisions with fixed objects, and 
destrian accidents. On the local roads the 
igle collisions accounted for 43 percent of 
1e total direct cost of accidents occurring on 
vese roads. The cost rate amounted to 
302,663 per 100 million vehicle-miles. This 
pry high rate exceeded the rate for all other 
rpes of accidents occurring on any highway 
rstem by a wide margin. In comparing 
sts in each of the two highway classifications 
yt a part of any Federal-aid system, it should 
» stressed that there were only 155 miles of 
ate highways while there were 20,197 miles 
local roads. 
The cost per passenger-car-mile on the non- 
sderal-aid highways and roads was 0.07 cent 
the State highways while the cost per 








ssenger-car-mile on the local roads was 


Costs on Selected Highways 
In the analysis of the accident records and 
ect costs on the six highway systems, a 
neral picture has been obtained on a State- 
de basis. In order also to gain an impression 
the costs on specific sections of highways it 
of interest to consider the results of an 
cident cost study made in Massachusetts 
ring 1957. This study was based on the 
cidents reported to the Registrar of Motor 
1 bhicles in 1955. The purpose of the study 
s to determine the direct costs of accidents 
two types of State highways; namely, those 
ving no control of access and those on which 
écess was controlled. Four highways were 
slected of the former type and they included 
12-, 3-, 4-, and 6-lane highway. Five high- 
ays of the latter type were selected and each 
ere 4-lane divided highways which had been 
ened to traffic since June 1952. As part of 
e study, two curves, shown in figure 3, were 
epared by plotting the yearly accident cost 
r mile against the average daily traffic 
yume for each of the nine sections of high- 
ay. The costs used were based on the resulis 
the Massachusetts accident cost study and 
nmsisted of direct costs only. The results 
Owed a yearly saving in cost of accidents 
r mile of highway of $18,000 at 10,000 
icles per day and $68,000 at 25,000 vehicles 
'r day on the controlled-access roads. 
It is pointed out, however, that since this 
S$ an initial study, future research might 
er the results obtained. Since this study 
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Table 9.—Accident rates and costs on State highways in M 


assachusetts comparing con- 


trolled-access highways and highways with no control of access, 1957 


Average 
daily 
traffic 


Sections of State highway | Miles 


\studied 


‘atal | Nonfatal | damage- 





Controlled access: 
Route 128 (Wellesley to Lynn- | 
pals) Se eset aa eee Se.) 
Route 15 (Sturbridge to Hol- 

land) 
Route 2 

minster) a 
Route 1 (Danvers to Salisbury) _. 


32, 200 
15, 700 


7, 600 
15, 500 


Motalteraee—ue 
Uncontrolled access: 
Route 1 (Revere to Peabody) - 
Route 20-1 (Northboro to Wes- 
ton) |) Bey | 8, 200 
Route 20-2 (Northboro to 
Auburn) 
Route 9 (Brookline to Fram- | 
ingham) 


ARO Ag Pes 


2-17, 700 
30, 900 


8, 600 


30, 400 





217, 900 





! Accidents per 100 million vehicle miles. 
was completed, a new comparison of accident 
costs on eight of the nine highways has been 
made available and is included here in table 9. 
The accident data used in this table were those 
submitted in 1957. A comparison of the results 
in accident costs per mile with the curves on 
figure 3 proved to be of special interest since 
volumes on the highways had changed since 
1955. On one highway section, Route 20-2, 
the so-called Southwest Connection, volumes 
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10,000 
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Severity of accidents 
= jetted Direct 
Accident | costs per 
rate | mile 





| Property- 
Total 
only 


| $30, 100 


13, 900 


7, 250 


14, 800 


79, 700 
9, 700 
21, 600 


78, 500 





2 Weighted average. 


had decreased substantially because of the 
opening of the Turnpike. 
Despite this volume decrease, however, the 
yearly accident cost per mile was in close 
agreement with the curve in figure 3. 

On the other highways, accident costs per 
mile were also quite consistent with the curves 
with only one notable exception. In the 
volume 
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Figure 3.—Accident costs on Massachusetts highways with no control of access and with 


access controlled. 


Data based on 1955 accidents and traffic volumes. 
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The Keonomic Cost of Traffic Accidents 
in Relation to the Vehicle 


BY THE DIVISION OF TRAFFIC OPERATIONS 


BUREAU OF PUBLIC ROADS 


HIS article discusses traffic accidents in 

Massachusetts and their resulting economic 
costs. The study applies only to vehicles of 
Massachusetts registry that were involved in 
traffic accidents within the State. The data 
for passenger cars are for the year 1953, and 
for trucks for the year 1955. 

The purpose of this article is to present the 
cost of accidents in relation to the vehicle in a 
way that will aid those interested in pinpoint- 
ing where prevention efforts should be cen- 
tered, as well as those engaged in the economic 
analysis of highway improvements. The in- 
tent is not to fix responsibility for accidents 
by type of vehicle but rather to show what 
kinds of vehicles were involved and the extent 
of involvement in terms of cost. 

Involvement and cost data are analyzed 
separately for passenger cars and trucks by age 
of vehicle and severity of accident. Further 
analyses are made of trucks involved in ac- 
cidents and their direct costs in relation to 
the registered gross weight and type of truck. 
Comparisons are made throughout the article 
on the basis of the involvement per 100 million 
vehicle-miles of travel and the accident cost 
per vehicle-mile. 

An involvement is one vehicle in one acci- 
dent. For example, in the 
study, if a passenger car struck a pedestrian 
there was one involvement in one accident. 


passenger Car 


If two passenger cars collided, there were two 
Also, in the 
passenger car study, if a passenger car collided 
with a truck this was one passenger car in- 
volvement in one accident. The truck in- 
volvement was not included in the passenger 
car study. 


involvements in one accident. 


1 Presented at the 39th Annual Meeting of the Highway 
Research Board, Washington, D.C., January 1960. 


Overall Accident Experience 


There were 1,239,596 passenger cars regis- 
tered in Massachusetts during 1953 and 
179,610 trucks registered in 1955. Table 1 
shows that passenger cars traveled 11.6 billion 
vehicle-miles as compared to 2.0 billion vehicle- 
miles for trucks, or a ratio of about 6 to 1. 
The direct cost of passenger car accidents was 
$50.2 million, whereas truck accident costs 
amounted to $4.8 million. Thus, the cost 
attributable to trucks was about one-tenth of 
that for passenger cars. 

In addition to the direct costs of traffic 


accidents just mentioned, there were other 
direct costs in connection with non-traffic 
accidents, traffic incidents, and non-traffic 


incidents that are not included in this article. 
Non-traffic accident involvements—accidents 
involving motion but not occurring on a 
public roadway—resulted in direct costs of 
$2.7 million for passenger cars and $327,000 
for trucks. Traffic and non-traffic incidents— 
mishaps not involving motion and usually 
involving vandalism, fire, or acts of God— 


resulted in direct costs of $4.7 million for 
passenger cars and $865,000 for trucks. The 
present analvsis is confined to the $50.2 


million for passenger cars and $4.8 million for 
trucks which comprised the direct costs of 
motor-vehicle traffie accidents. 

A comparison is made in figure 1 of the 
direct cost of traffic accidents on the basis of 
vehicle-miles of travel for passenger cars and 
trucks. It is immediately evident that 
trucks had an appreciably lower accident cost 
per mile of travel. In the case of all acci- 
dents, the truck cost per mile of travel was 
0.23 cent, and the comparable cost for passen- 
ger cars was 0.43 cent. For nonfatal injury 
and property-damage-only accidents, the 


Table 1.—Number of motor vehicles registered in Massachusetts (passenger cars, 1953, 
and trucks, 1955) and their travel, classified by age of vehicle 














Age of passenger ears registered in 1953 Age of trucks registered in 1955 
aa ©, ie > | 
Under) 92-47 4-8 8 years Under 2-4 4-8 8 years 
2 years | years years Total 2 years | years years and Total 
over over 
Oh ees ea ee EA -|— ee —(s a 
Number of vehicles________|257, 852 |333, 947 |356, 030 |291, 767 |1, 239,596 | 27,074 | 27,343 | 67,913 | 57,280 | 179,610 
PercentJor totals sess 20.8 26.9 28. 7 | 23. 6 100. 0 15, 1 15. 2 37.8 31.9 | 100. 0 
Vehicle travel: | | | 
Total mileage (million | 
yo 0y) Cl ae ee Sceoe|| Sh 331 | 3,390 3, 148 1, 764 11, 628 355 396 795 495 2, 041 
Perecentiof totales. 2) 28.6} 29.2 27.0 ifs, 100. 0 17.4 19, 4 39. 0 24.2 100. 0 
Average annual travel | 
(mi 69) eee ee | 12,918: |) 10, 151 8, 828 6, 046 9,380 | 18,102 | 14,472 | 11, 705 8, 637 11, 358 
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Figure 1.—Direct cost of traffic accident 
in Massachusetts per passenger-car-mil 
of travel during 1953, and per truck-mil 
of travel during 1955, classified by severit 
of accident. 


passenger car cost per mile was approximatel 
double that of trucks. Only for fatal injur 
accidents was the rate for trucks higher, bein} 
0.014 cent for passenger cars and 0.027 cer fi 
for trucks for each mile of vehicle operation}} 

From the data given in tables 2 and 3, ff 
comparison can be made of the average cos 
per involvement of passenger cars and truck, | 
The high cost per involvement in fatal injur 
accidents—4,800 for passenger cars anf} 
$6,800 for trucks—completely overshadow} 
the cost per involvement of other types ¢] 
accidents, but fatal injury accidents repre} 
sented less than one-half of one percent of a 
accidents and only 3 percent of the total cos} 
The average cost for all involvements—$22 } 
for passenger cars and $166 for trucks—we } 
heavily influenced by the less costly property } 
damage-only involvements, which accounte } 
for three-fourths of all accidents. 


Age of Vehicles 


The number of cars and trucks involved i 
accidents and the involvement rates by ag] 
of car and truck and severity of accident ar 
summarized in table 2. For purposes ¢ 
orientation on involvements and accident 
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Table 2.—Number of cars and trucks involv 
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12,059 passenger cars were involved in 
31,5386 accidents in 19538. This total was 
maprised of 344 involvements in 315 fatal 
scidents, 54,260 involvements in 338,270 non- 
tal injury accidents, and 167,455 involve- 
ents in 97,951 property-damage-only acci- 
ents. 

In contrast, 28,796 trucks were involved in 
7,041 accidents during 1955. Classified by 
‘verity there were 82 truck involvements in 
7 fatal accidents, 4,609 involvements in 
(344 nonfatal injury accidents, and 24,205 
wolvements in 22,648 property-damage- 
ily accidents. The ratio of truck involve- 
ents to accidents was almost 1.1 to 1 
28,796 to 27,041), whereas the corresponding 
itio for passenger cars involved in accidents 
Bene to.) (222,059 to 131,536). 


ecident involvement rates 


| the age of passenger cars and trucks 


volved in accidents was compared, dis- 
milar results were found. The accident 
ivolvement rate of passenger cars, on the 
asis of involvements per 100 million vehicle- 


ules, increased steadily with age—passenger 
ars 8 vears and older had an involvement 
,fite of more than double that for cars under 


years of age. This influence of age on the 
volvement rates can be construed as a 
rong argument for vehicle inspection even 





fnough there are contributory factors other 


tan mechanical condition. With respect to 


Jecident involvement rates of trucks, there 























was no apparent trend with age. Except for 
vehicles under 2 years of age, the involvement 
rate for passenger cars was higher than that 
for trucks. In the age group under 2 years, 
the truck rate exceeded the passenger car rate 
by only a narrow margin. 

The influence of the age of the vehicle with 
respect to all accidents holds for each of the 
severity classes except for the fatal injury 
accidents. Throughout the article it will be 
seen that this class of accident severity has 
distinct characteristics in relation to nonfatal 
injury and property-damage-only accidents. 

Just as for all accidents, the fatal involve- 
ment rate per 100 million vehicle-miles for 
passenger cars increased with age. When 
trucks under 2 years of age are ignored, the 
fatal involvement rate for trucks also increased 
with age. For vehicles less than 2 years of 
age, the fatal rate for trucks was almost 
3 times that for passenger cars. For other 
than the newest vehicle group, the fatal 
involvement rates for passenger cars and 
trucks did not differ significantly. 

Accident cost rates 


The relationship between accident cost per 
million vehicle-miles and age of vehicle for 
each severity class of accident and for all 
accidents is shown in table 3 for passenger 
ears and trucks. A comparison of the costs 
for the two types of vehicles demonstrates the 
greater cost per mile of passenger car accidents. 
Although not as pronounced as the influence 


classified by age and severity 


Accident costs 














Motor vehicles involved in- | Number of motor vehicles per 100 million 
vehicle-miles of travel involved in 
We en Icke ay SiR. Vie eo 
F atal injury Nonfatal injury Property-damage- All accidents Prop- 
accidents accidents | only accidents Fatal Nonfatal erty- 
i a -5| ee ae 2) Se ae injury | injury | damage- | All acci- 
ihe : an Las ; acci- acci- only ac- lents 
Percent | Number | Percent | Number | Percent | Number | Percent dents dents cidents 7 
of total of total | of total of total 
} | 
| i = 
19.2 10, 403 19.2 31, 162 18.6 41, 631 18.7 2.0 31: 36 5 
Rue 0, 4 J. 2 31, 162 s. » Be 8. 2s 312 93t 1, 250 
ai. 3 15, 311 28. 2 47, 375 28.3 62, 780 28.3 2.8 452 hy 397 t. 852 
29. 4 16, 762 30.9 51, 927 31.0 68, 790 31.0 3.2 | 533 1, 652 2, 189 
24.1 Il, 784 21.7 36, 991 22.1 48, 858 22:0' | 4.7 668 2, 097 2, 770 
100. 0 54, 260 100. 0 167, 455 100.0 | 222,059 100.0 | 30 | 467 1, 440 1, 910 
23. 2 705 15.6 4, O8O, 16.9 4, 804 16. 7 5.4 200 1, 150 1,35 
2 U { * I fit F oO. 2 yl » B00 
15. 9 959 21.3 | 4, 749 19.6 5, 721 19.9 3.3 | 242 1,200 | 1 166 
34. 1 i 881 41.7 | 9, 395 38.8 11, 304 39. 2 3.5 237 1, 182 1, 442 
26.8 964 2a al 6, OST 24.7 6, 967 24.2 4.4 195 1, 209 1, 408 
100. 0 4, 509 100. 0 24, 205 100. 0 | 28, 796 100. 0 4.0 223 1, 186 1, 412 


of age on accident involvement rates, the cost 
per million for cars 
tended to inerease with age for all accidents, 
for the fatal injury accident, and for the 
nonfatal injury accident. The per 
million vehicle-miles for property-damage-only 
accidents dropped off for the older vehicles 
for both passenger cars and trucks. This 
undoubtedly reflected the reduced value of 
the older vehicles involved. 

The fact that the total direct cost of 
nonfatal injury accidents constituted almost 
60 percent of the total cost of all accidents 
for both passenger cars and trucks has a great 
influence on the pattern of cost per million 
vehicle-miles for all accidents. 


vehicle-miles 


passenger 


cost 


Visual Classification of Trucks 


It was not practical to classify passenger 
ears by different body or weight. 
However, trucks were studied first by visual 
classification and second by registered weight. 
In the visual classification, trucks were grouped 
as follows: 2-axle, 4-tire panel and pickup 
trucks; all other 2-axle, 4-tire trucks; 2-axle, 
6-tire trucks; 3-axle trucks; and truck-tractor- 
semitrailer combinations. The truck-tractor- 
semitrailer combinations, ranging from 3- to 
5-axle units, were treated as a single classifi- 
eation. Truck and full trailer combinations 
are illegal in Massachusetts and therefore were 
not represented in the study. 


styles 


_ Table 3.—Total direct cost of traffic accidents involving passenger cars and trucks, and the accident cost per million yehicle-miles, 
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of travel 

mt = . ————_{—— a = 
Age of motor vehicle Fatal injury Nonfatal injury Property-damage-only | All accidents : | Prop- 

: Fatal Nonfatal erty- All aeci- 
| injury injury damage-| dents 

Amount Percent Amount Percent Amount Percent Amount | Percent only 
of total of total of total | of total 

Passenger cars: 7 ; ey a wee: , 
inden? Vearse. ose oe _| $3438, 730 20.9 $5, 572, 710 19. 4 $4, 388,040 | 22.0 | $10, 304, 480 Oo $103 $1 $1) 31 $3, 093 
SUG ee See ee ee ae 507, 170 30.9 8, 695, 640 30. 3 7, 264, 870 .o 16, 467, 680 32.8 150 2 2, 143 4, 858 
AS Spine ee eee ee a 462, 820 28. 2 8, 015, 350 28. 0 6, 001, 250 nde 14, 479, 420 28.8 147 2 i 910 4, 607 
8 years and over._---.--_---- 328, 030 20.0 6, 403, 750 22.3 2, 240, 140 3 8, 971, 920 17.9 186 4 iB 270) | 5, 087 
‘Total Sa ee 1, 641, 750 100. 0 28, 687, 450 100. 0 19, 894, 300 0 50, 223, 500 100. 0 141 Zz | ey oa 4,319 
Trucks: } ae, 1 ei - om 
TUMCOLL 2 VOarss - env een oo 136, 700 24.5 266, 300 9.6 290, 560 20. 1 693, 560 14.5 385 751 819 1 955 
ate CALG ese aoeo ee 81, 820 14.6 541, 170 19.6 273, 330 18.9 896, 320 18.8 207 1,368 | 691 2; 265 
Mesrearsmen eae ee). 206, 370 36.9 1, 526, 680 55.1 612, 510 42.4 2, 345, 560 49. 1 260 1, 920 rz 1 2 951 
8 years and over-_--..._-...-- 133, 950 24.0 435, 020 15.7 269, 180 18.6 838, 150 17.6 271 879 | 544 | I, 694 
Kops oe 558, 840 100. 0 2, 769, 170 100. 0 1, 445, 580 100. 0 4, 773, 590 100. 0 274 1, 357 709 | 2, 340 
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2-axle trucks 


Table 4 contains the travel characteristics 


and accident involvement rates for trucks. 
During 1955 there were 179,610 trucks 
registered in Massachusetts. The largest 


single group was the 2-axle, 4-tire panel and 
pickup trucks, which accounted for 43 percent 
of the total truck population and 37 percent 
of the total truck-miles of travel. Of almost 


equal magnitude were the 2-axle, 6-tire 
single-unit trucks. Together these two 


groupings constituted over 82 percent of the 
total number of trucks and 73 percent of the 
mileage traveled by trucks. The combination 
units, although representing less than 6 
percent of the number of trucks, accounted 
for almost 17 percent of the truck-miles 
traveled. 

The second group of trucks, other 2-axle, 
4-tire trucks, had a disproportionate share of 
the accident involvements and direct costs, 
considering the number registered and miles 
traveled by this class. They generally had the 
highest involvement and cost rates (tables 4 
and 5) of any truck group. There were 18,350 
trucks of this group registered in Massachu- 
setts during 1955. This number represented 
10 percent of the truck registrations and 8 
pereent of the truck mileage. On the other 
hand, this group had 12 percent of the accident 
involvements, and 11 percent of the direct 
costs. 

The accident involvement 
million miles of travel for the “‘other”’ 2-axle, 
4-tire trucks was 8.4 for fatal injury, 238 for 
nonfatal injury, and 1,867 for property-dam- 
age-only accidents. The involvement rate 
for this group in all accidents was 2,114, 
which was 50 percent greater than the average 
rate of 1,412 for all trucks. The fatal injury 
involvement rate was more than 3 times that 
of 2-axle, 4-tire panel and pickup trucks. 


rate per 100 


Figure 2 compares the accident cost per 
mile of travel by truck group and severity. 
The accident cost per mile for ‘“‘other” 2-axle, 
4-tire trucks was 0.05 cent for fatal injury, 
0.19 cent for nonfatal injury, and 0.07 cent 
for property-damage-only accidents or a total 
cost of 0.31 cent per mile. The cost rate for 
the fatal injury accidents was more than 3 
times the cost rate for panels and pickups and 
twice the average cost rate of 0.03 cent for 


fatal injury accidents for all trucks. The 
nonfatal injury rate for other 2-axle, 4-tire 


trucks was 40 percent greater than the average 


Table 4 
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Figure 2.—Comparison of accident costs per mile of travel by visual classification of 


trucks and severity of accident. 


nonfatal injury cost rate of 0.14 cent for all 
trucks. Only for property-damage-only acci- 
dent involvements was the cost rate less than 
the average for all trucks. The total cost 
rate for this truck group was 32 percent 
ereater than the average cost rate of 0.23 cent 
for all trucks. (The average cost rates for all 
trucks are shown in the totals in table 5.) 

Panels and pickups and the 2-axle, 6-tire 
trucks appeared generally to have about the 
same accident involvement rate and cost per 
mile. For all accidents, the involvement 
rates were 1,444 and 1,480, respectively. In 
figure 2 the accident cost per mile of travel is 
shown to be 0.255 cent for panels and pickups 
and 0.259 cent for 2-axle, 6-tire trucks; these 
two groups of vehicles which constituted 82 
percent of the total registrations accounted 
for 80 percent of the total direct cost of truck 
accidents. 

Considering the fatal injury accidents, the 
involvement rate per 100 million truck-miles 


| 
_ 


for the panel and pickup trucks was 2.5 whiek 
was considerably less than the average rate ol 
4.0 for all trucks. The involvement rate fol 
the 2-axle, 6-tire trucks in fatal accidents was 
4.1 and was the third highest of the five vehiel 
types. 
3-axle trucks 
The fourth grouping of trucks, 3-axle trucks | 
consisted of less than 2 percent of all trucks 
registered and accounted for the same per 
centage of the total number of accidents 
The total cost of accidents for this group was 
only 0.4 percent of the total cost of accidentt |} 
for all trucks. } 
The number of 3-axle trucks involved it 
accidents per 100 million miles of travel wai 
992. Classified by severity, the involvement 
rate was 1.9 for 3-axle trucks in fatal injury 
accidents, 86 in nonfatal injury accidents, an¢ 
904 in the property-damage-only accidents 
These involvement rates were, in general, th¢ 
lowest rates for any of the five truck grouping} | 


.—Number of trucks registered in Massachusetts during 1955, vehicle travel, involvement in accidents, and the accident inyolvemeni 


rate per 100 million truck-miles, by visual classifications and severity 












































Vehicle travel Trucks involved in— Accident involvement rate per 100 
agi aa ae million truck-miles 
Number Fatal injury Nonfatal injury | Property-damage- All 
Truck groups of trucks Total Average accidents accidents only accidents accidents 
mileage annual Fatal | Nonfatal | Property- All 
(thousands)} mileage i : injury injury | damage- | accidents 
Number} Percent | Number] Percent | Number} Percent | Number] Percent only 
of total of total of total of total 
Single-unit trucks: 
Panel and picktpesss-e2-4= 77,180 758, 139 9, 823 19 23.2 1, 982 43.9 8, 946 36.9 10, 947 38. 0 2.5 261 1,180 1, 444 
Other 2-axle, 4-tire--_-.----| 18,350 165, 866 9,039 14 1a 395 8.8 3, 097 12.8 3, 506 12.2 8.4 238 1, 867 2,114 
D-AX1O™\6-bll Cae tae = ee 70, 670 727,412 10, 293 30 36. 6 1, 683 31.38 8, 691 35.9 10, 404 36. 1 4.1 231 1,195 1, 480 
SAX] OSs eee eae es 3, 220 52, 206 16, 213 1 1.2 45 1.0 472 2.10 518 iar 1.9 86 904 992 
Truck-tractor-semitrailer___| 10,190 336, 473 33, 020 18 21.9 404 9.0 2, 999 12.4 3, 421 vB) Dao 120 891 1,017 
‘Totalae eee en hee | 179, 610 2, 040, 096 | 11, 358 82 100.0 4, 509 100.0 24, 205 100.0 28, 796 100.0 4.0 221 1,186 1,412 
| | 


























46 


June 1960 e PUBLIC ROAD! 
i. 8 
e | 

















Table 






5.—Total direct cost of traffic accidents involving trucks and the acci 
cation and seyerity 


ident cost per million truck-miles, by visual classifi- 



































der consideration. 


Similarly, the cost in 
ats per mile (fig. 2) was the lowest for any 
the five groups of trucks in all severity 


sses. These cent-per-mile rates were 0.03 
ot for nonfatal injury, 0.01 cent for prop- 
sy-damage-only, and 0.04 cent for all acci- 
nts. There were no direct costs reported 
connection with the single reported involve- 
pnt in a fatal accident of a 3-axle truck. 











‘uck combinations 


The data for the fifth truck group, the 
ack-tractor-semitrailer combinations (here- 
after referred to as combinations) offered a 
sidy of contrasts. Although only 5.7 percent 
the total trucks registered, the combinations 
pre responsible for 12 percent of all traffic 
)Bcidents involving trucks, and 9 percent of 
e total direct cost. On the other hand, the 
mbinations accounted for over 16 percent 
| the total truck travel, and their rates of 
volvement and cost per mile for all classes 
| severity except the fatal injury accidents 
pre below the average values for all trucks. 
The breakdown of the cost of accidents for 
i imbinations by severity class indicated that 
"@tal injury accidents accounted for 34 per- 
nt, nonfatal injury accidents 31 percent, and 
ie poperty- damage-only accidents 35 percent of 
)M@e total costs incurred. In contrast, con- 
iWHering the total direct cost for all truck acci- 
ents, fatal injury accidents accounted for less 
“Wan 12 percent of the total cost and nonfatal 
‘jury accidents and property-damage-only 
cidents accounted for 58 percent and 30 per- 
ent, respectively. 
‘} Combinations had the second highest cost 
o@r fatal injury accidents. The average cost 
} a fatal injury accident for this truck group 
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was $8,100 as compared to an average cost of 
$6,450 for single-unit trucks. In addition to 


higher costs for fatal injury accidents, 1 out of 


every 190 combination involvements was fatal, 
whereas only 1 in every 409 involvements for 
single-unit trucks was fatal. 

When viewed with consideration given to 
exposure in terms of truck-miles of travel, the 
higher percentages of truck combination in- 
volvements and costs are somewhat modified. 
The involvement rate for all accidents was 
1,017 per 100 million miles of travel for com- 
binations. Classified by severity this rate 
was 5.3 for fatal injury, 120 for nonfatal injury, 
and 891 for property-damage-only accident 
involvements per 100 million miles of travel. 
The cost of all accidents per mile of travel was 
0.13 cent. By severity of accidents the cost 
rate was about the same, 0.04 cent for each 
class of severity. 


From table 4 and figure 2 it appears that the 
truck combination involvement and cost rates 
were well below those of single-unit trucks for 
nonfatal injury and _ property-damage-only 
accidents. However, this was not so with re- 
gard to the fatal involvement and cost rates, 
as these rates for the truck combinations were 
considerably higher than the rates of single- 
unit trucks. The fatal involvement rate per 
100 million miles was 5.3 for truck combina- 
tions, and 3.8 for all single-unit trucks. The 
cost of fatal accidents per mile of travel was 
0.04 cent for the combinations compared to 
0.02 cent for all single-unit trucks. 


It becomes apparent from the foregoing 
discussion that any total view of trucks in- 
volved in accidents and their costs is predomi- 
nately weighted by the number of panel and 


able 6.—Number of trucks registered in Massachusetts during 1955, vehicle travel, involvement in accidents, 











Accident eosts | Accident cost per million truck-miles 
pa os of travel 
Fatal injury Nonfatal injury Property-damage- All accidents (ia baa ee) ia 7 - 
Truck group only 
_ Fatal | Nonfatal Property-| All 
injury injury damage- | accidents 
Amount Percent Amount Percent | Amount Percent Amount Percent ; ; ear eae 
of total of total of total of total en 
Single-unit eee 
Panel and pickup----.-.-----.-- $114, 510 20. € $1, 050, 880 37.9 $767, 860 53.1 $1, 933, 250 40.5 $151 | $1,386 $1,013 | $2, 550 
Other 2-axle, 4-tire-__..-.._____- 88, 320 15.8 315, 710 11.4 107, 340 7.4 511, 370 10.7 532 17903 | 647 | "3°083 
2S A CTS CAS oe na es a 210, 260 37.6 1, 256, 550 45. 4 414, 470 28. 7 1, 881, 280 39. 4 289 1, 727 570 2, 586 
SEV Sen e205 = Ie Meee ce ee tf ee ee | 13, 410 0.5 6, 360 0.5 9, 770 (RC: gal | eee 257 | 122 379 
Truck-tractor-semitrailer__________ 145, 750 26.1 132, 620 4.8 149, 550 10.3 427, 920 9.0 433 | 394 444 ibs 32! 
NG 21 eS Ee Ee Se ee 558, 840 100.0 2, 769, 170 100.0 1, 445, 580 100.0 4,773, 590 100.0 274 1,357 | 709 2, 340 











pickup trucks and 2-axle, 6-tire trucks, which 
dominated the total registrations, truck mile- 
age, accident involvement, and cost 
The combinations did play a rather important 
part in the total accident cost in relation to the 
number registered, but the large average an- 
nual mileage of this group tends to offset their 
disproportionate costs when viewed on an ex- 
posure basis. 


rates, 


Weight Classification of Trucks 


The discussion up to this point has con- 
sidered the relationship of truck and passenger 
car accident costs, and the variation of truck 
accident costs with age of vehicle and the 
visual classification of trucks. Another re- 
lationship of interest, particularly for econom- 
ic analysis, is that which exists between acci- 
dent costs and the weight classification of 
trucks—registered gross vehicle weights—as 
shown in table 6. 

Of the 179,610 trucks 
1955 in Massachusetts, 56 percent had a gross 
vehicle weight under 8,500 pounds; 20 per- 
cent had weights between 8,500 and 16,500 
pounds; 11 percent had weights between 
16,500 and 24,500 pounds; 5 percent between 
24,500 and 36,500 pounds; and 8 percent had 
gross weights of 36,500 pounds and over. 


registered during 


In addition to the registration data, table 
6 indicates the truck travel for each registered 
gross vehicle weight group. It is important 
to note that the annual average mileage 
increased with registered weight. The increase 
between the last two weight groups is par- 
ticularly significant. Trucks in the heaviest 
weight group traveled more miles in a year 


and the accident involyement 



































a | rate per 100 million truck-miles, classified by gross weight and severity 
| Vehicle travel Trucks involved in —! Accident involvement rate per 100 
million truck-miles 
| = 7 
! Number Fatal injury Nonfatal injury | Property-damage- All | 
Gross vehicle weight (pounds) | of trucks Total Average accidents accidents only accidents accidents tas oe eg EX ae 
mileage annual he _| Fata Nonfata J 
(thousands)| mileage injury injury | damage- | accidents 
Number} Percent | Number| Percent | Number] Percent | Number} Percent only | 
of total of total of tetal of total | 
= | =. | = 
) 7 7.6 ¢ 28 5 | 1,443 
mcier 8,500... =. 100, 940 949,636 | 9, 408 41 50.0 | 2,662 59.1 | 11,001 | 45.5 | 13,704] 47.6 4.3 280 1,158 | 1,443 
/$,600-16,500_..-- == oT 36, 340 333,960 | 9,190 13 15.8 722 16.0 4,998 | 20.6 5,733 | 19.9 3.9 216 1,497 | 1,717 
| 16,500-24,500................. 19,050 224139 | 11,766 7 8.5 416 9.2 3,289 | 13.6 3,712 | 12.9 3.1 ee a Wee 
Wh 245500-36,500.......-...-.-..__ 9. 540 132, 603 | 13,900 4 4.9 245 5. 4 2, 084 8.6 2, 333 8.1 ou Ne d B41 | 3 Liye 
| 36,500 and over._.....-_.._... 13, 740 399, 758 | 29,094 13 15.9 387 8.6 2, 562 10.6 2, 962 ike || «oh 97 41 | 7 
| | 
OGL Lo ee 179,610 | 2,040,096 | 11,358 82 100.0 4, 509 100.0 24,205 | 100.0 28,796 | 100.0 4.0) 221 1,186 1, 412 











) There were 352 trucks involved in accidents of which the weights were unknown. 


m age-only accidents. 
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These included: 











4 trucks involved in fatal accidents; 77 in nonfatal accidents; and 271 in property- 
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Table 7.—Total direct cost of traffic accidents involving trucks and the accident cost per million truck-miles, classified by gross 
weight and severity 


Accident costs Accident cost per million truek-miles 














ae = of travel 
Fatal injury Nonfatal injury Property-damage- All accidents 
Gross vehicle weight (pounds) only 
fs Fatal Nonfatal | Property All 
injury injury | damage- | accidents 
Amount Percent Amount Percent Amount Percent Amount Percent only 
of total of total of total of total 
Wn der'8:500 322 22 ee eee eee $268, 040 48. 0 $1, 915, 460 69. 1 $872, 060 60.3 $3, 055, 560 64. 0 $282 $2, 017 $918 $3, 218 
3: b00=16, 50 0bb eee eee eee ae 130, 990 23.4 378, 530 13.7 242, 910 16.8 752, 430 15.8 392 1, 133 727 2, 253 
£6;500-24, 000 eae eee ee eee ae 19, 990 3.6 209, 950 7.6 126, 920 8.8 356, 860 Oui) 89 937 566 1, 592 
2450 0=86, DOO knoe = sae eee eee as 46, 900 8.4 71, 600 2.6 73, 110 5.0 191, 610 4.0 354 540 551 1, 445 
S6;D00 and OVC see: pene ee 78, 310 14.0 143, 270 SY 122, 160 8.5 343, 740 eee 196 358 306 860 
UME OWA. ee se ee eee 14, 610 2.6 50, 360 1.8 8, 420 0.6 73, 390 V6 cecaeey Ole codes ||) See 
NOGA tee a ee ee ee 558, 840 100. 0 2, 769, 170 100.0 1, 445, 580 100.0 4, 773, 590 100.0 274 13o7 709 2, 340 









































I 
cost rate of 0.16 for all other trucks in accident) 
of comparable severity. The property-da | 


tered weight. However, for the property- 
damage-only accidents the tendency was for 


in total than those in any other group except 
those registered under 8,500 pounds. 


Light trucks have often been compared to 
passenger cars because of many _ similar 
vehicle characteristics. One of these similar- 
ities is average annual travel per vehicle. 
The average annual travel of passenger cars 


an increase with weight excepting the heaviest 
group vehicles. For these trucks, 36,500 
pounds and over, the rate dropped off sharply 
to less than half that for the other weight 
groups combined. 


age-only cost rate was 0.03 cent per mile fo 
the heaviest trucks and 0.08 for all othe | 
trucks. The cost rate for all accidents wa 
0.09 cent per mile for the heaviest trucks 
which was one-third of the cost rate of 0.2) 


cent for all other trucks. ' 


The involvement rate for all accidents, 
A most significant finding of the report 


regardless of severity, was 741 for the heaviest 
trucks and 1,554 for all other trucks. 


and light trucks was approximately equal. 
Passenger cars averaged 9,380 miles of travel 
annually and light trucks averaged 9,408 
miles. By comparing the involvement rate 
of 1,910 per 100 million vehicle-miles for 
passenger cars with the involvement rate 
of 1,443 for light trucks it may be seen that 


‘| 
the very definite decrease of accident cost pe 
A ccidenticastirates mile of travel with increase of registered gros 


vehicle weight. This is the first time sue] | 


Accident cost rates per mile of travel are 
shown in figure 3. The heaviest trucks had 
passenger cars were involved in 32 percent the most favorable cost rates among the 
weight groups. For nonfatal injury accidents 
the cost rate of 0.04 cent per mile for the 
heaviest trucks was about one-fourth of the 


data have become available. With referene 
to the results for all accidents the cost rat 


Prone Accidenis.oia miter ce baci ranges from 0.32 cent per mile for the lightes 
c ‘ ce c 5 chy De 


Table 6 also contains the accident involve- 
ments and the involvement rate per 100 
million miles of travel for each gross weight 
group. Table 7 contains the accident costs 
and cost rate per million truck-miles of travel 
for each weight group. When the proportion 
of heavy trucks involved in accidents is com- 
pared with the proportion of heavy trucks in 
the total truck registrations, the comparison 
presents a somewhat unfavorable picture for 
heavy trucks. For example, trucks with a 
gross vehicle weight of 36,500 pounds and 
over represented less than 8 percent of the 
total trucks registered in Massachusetts and 
over 10 percent of the trucks involved in 
accidents. In terms of accident costs, how- 
ever, the heaviest trucks accounted for only 
7 percent of the total accident costs. 


group to 0.09 cent per mile for the heavies 


1 


group of trucks. 


Ori2 


0.28 





0.24 


OF20 


Accident involvement rates 


The involvement rates for fatal injury 
accidents appeared generally to decrease 
with registered weight over the range covered 
by the first three groups and then tended to 
level off. The proportion of trucks in the 
heaviest group involved in fatal injury ac- 
cident was high in comparison to the propor- 
tion of trucks in the other groups. This 
eroup had one vehicle in fatal accidents for 
every 30 vehicles in nonfatal accidents. On 
an exposure basis, the heaviest truck group O 
had a favorable involvement rate of 3.3 per 
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PROPERT Y-DAMAGE- 
ONLY 


SEVERITY OF ACCIDENT 


Figure 3.—Comparison of accident costs per mile of travel by gross vehicle weight and 
severity of accident. 


FATAL INJURY NONFATAL INJURY ALL ACCIDENTS 
100 million miles of travel, as compared to a 
rate of 4.0 for the remainder of the trucks. 

In the case of nonfatal injury accidents, 


the involvement rates decreased with regis- 
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y J. E. JOHNSTON, Deputy Director 
Highways for Planning, 
tah State Deparment of Highways | 











ODAY, highway planners are seeking 
more scientific methods of evaluating 
sisting highways and designing and program- 
ig new facilities. The highway administra- 
yr and planner realize as never before the 
mportance of engineering tools that will 
ermit them to schedule construction on the 
v@iasis of need, allocate highway funds on a 
riority basis, select additions to the highway 
ystems, change system classifications, select 
roper alternate routes or locations, and to 
ope effectively with public and_ private 
roups having vested interests in the processes 
f planning and programing. 

Some States have employed sufficiency 
atings to assist them in accomplishing these 
bjectives. This method simply assigns a 
oint rating to each section of road according 
o its ability to provide traffic service in a 
afe and efficient manner. Other States have 
‘mployed economic analyses using factors such 
ss highway costs, revenues, and _ benefits. 
n the main, this approach has been simplified 
‘0 include only the benefit quotient which 
‘eflects primarily a savings to the motor- 
vehicle user in operating cost and time through 
mproved alinement. Some States use both 
\pproaches. 

_ In the methods generally in use, one im- 
portant factor is too often omitted—trafiic 
vecident rates. Some States incorporate acci- 
lent rates in their sufficiency ratings, but 
more do not. It is known that sections of 
lighway having a good adequacy rating, as 
wrovided by the sufficiency rating system, 
sometimes may have a high traffic accident 
‘requency. 

Traffic accident rates normally are not in- 
sluded in economic analyses of the cost-benefit 
variety at all. The principal reason for the 
mission has been the unreliability of traffic 
accident data. Too many accidents are not 

‘eported; and for those that are, the reports 
often do not clearly indicate where the acci- 

dents occurred. But one of the greatest 
deterrents has been the lack of information on 
accident costs related to the types of vehicles, 
classes of highways, roadway features, types 
of accidents, and severity of accidents. 





= 





1 Presented at the 39th annual meeting of the Highway 
Research Board, Washington, D.C., January 1960. 
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he Economic Cost of Traffic Accidents 
elation to Highway Planniné 


and a Comparison of Accident Costs 
in Utah and Massachusetts 


Application of Accident Cost Factor 


Traffic accident data should be one of the 
highway planner’s most important tools to 
justify street and highway improvements. 
Just to illustrate this point, a traffic accident 
study was made on State Street in Salt Lake 
City. The study section, 17 blocks in length, 
carried over 30,000 vehicles daily. During a 
3-year period, more than 1,000 traffic acci- 
dents occurred on this street, and over 700 
of them took place at intersections. The 
street is a 6-lane divided roadway with parallel 
parking on each side. 

It is estimated that had this traffic been 
carried on a street of freeway design, slightly 
more than 200 accidents would have been 
expected instead of 1,000. An Interstate 
System improvement is being planned to 
parallel State Street, and the portion parallel- 
ing the 17-block study section is expected to 
carry 100,000 vehicles daily by 1975, 

According to the Utah accident cost study, 
the direct cost for passenger-car accidents 
occurring on major urban arteries was 0.49 
cent per vehicle-mile. Using Utah study data, 
it was estimated that the direct cost of acci- 
dents on the Interstate System would be only 
0.13 cent per freeway vehicle-mile. Thus, 
there would be a savings in accident costs of 
0.36 cent per vehicle-mile on streets of freeway 
design. Based on an estimated traffic volume 
of 100,000 vehicles daily by 1975, the savings 
in accident costs would approach $330,000 
annually. 

The significant point is that an accident 
cost savings of such magnitude should not be 
overlooked in justifying an investment of $20 
million, as would be required in constructing a 
freeway parallel to State Street. Furthermore, 
the savings figure is on the conservative side 
because it does not include indirect costs 
relating to traffic accidents. 

In this analysis, the reduction in traffic 
accidents on freeways was based upon the 
California study 2 which indicated that there 
were five times fewer accidents on their 
freeways than on local streets. In addition, 
in the analysis, the accidents expected on the 


2 The Economy of Freeways, by Lloyd Aldrich. City of 
Los Angeles, Street and Parkway Design Division, June 1953. 


freeway were distributed as to type in aecord- 
ance with those happening on the Detroit 
This order to 
isolate those types of accidents that could not 
occur on a freeway. 


Expressway. was done in 


Utah and Massachusetts Results 
Compared 
The Utah State 


completed a study of the passenger-car phase 
of traffic accident costs. 


toad Commission has 
It was based upon 
passenger cars registered by the Utah State 
Motor Vehicle Bureau in 1955. A 
sample was selected from the registration list, 
a universe of 268,000 passenger cars. The 
registration 
sufficient size to satisfactorily approximate 
the general accident experience of the motoring 
public, but in order to obtain more detailed 
information on fatal and nonfatal injury 
accidents the State’s accident files were sam- 
pled at a much higher rate than the registra- 
tion list. 

Only a small portion of the data collected 
in the Utah accident cost study is reported 
here, in tables 1-4, to provide a comparison 
of the number of traffic accidents and their 
costs in Utah and When 
comparing the values for the two States, it 
must be kept in mind that the base year of 
the Utah study was 1955, and for the Massa- 
chusetts study it was 1953. 
two-year difference was involved, no attempt 
was made to adjust the data to a common 
year. 

The size of Utah is 82,346 square miles, 
whereas in Massachusetts the area is 7,867 
square miles. In 1955, Utah had a population 
of 797,000; there were 268,000 registered pas- 
senger cars, 455,000 licensed drivers, 31,400 
miles of highways streets, and 2,523 
million vehicle-miles of travel. During 1953, 
there were 4,773,000 persons living in Massa- 
chusetts, 1,289,000 registered passenger cars, 
1,858,000 licensed drivers, 24,500 miles of 
highways and and 11,628 million 
vehicle-miles of travel. 


License 


sample was deemed to be of 


Massachusetts.’ 


Since only a 


and 


streets, 





3 A discussion of the Massachusetts data may be found in 
the article The Economic Costs of Motor-Vehicle Accidents of 
Different Types, by Robie Dunman, PUBLIC ROADs, vol. 30, 
No. 2, June 1958. 
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Table 1.—Comparison of the number of motor-vehicle traffic accidents involying passenger cars in Utah during 1955 and in f 





Massachusetts during 1953 














Number of regis- | Number of licensed | Number of acci- 
Number of accidents Percent of total Number of resi- tered passenger cars operators per dents per 100 
dents per accident per accident accident million vehicle- 
Item of comparison miles of travel 
Utah Mass. Utah Mass. Utah Mass. Utah Mass. Utah Mass. Utah Mass, 
Severity of accident: 
Batali ury2 ss oe ee eee ere 77 0.2 0.2 10, 350 15, 152 3, 481 3, 933 5, 909 5, 898 3.1 Qe 
INonfatallin jury sees eee 9, 048 33, 270 19.0 25.3 88 143 30 37 50 56 359 286 
Property-damage-only____-_--__-.--_- 38, 453 97, 951 80.8 74,5 21 49 a 13 12 19 1, 624 842 
Allaccidentsine 2 scere 5. eee as 47, 578 131, 536 100. 0 100. 0 17 36 6 9 10 14 1, 886 Pion 
Type of accident: 
Passenger-car collision with— 
Other motor vehicles: soe. ee ee 29, 044 109, 730 61.0 83. 4 27 44 9 11 16 17 apakss 943 
Pedestrian Sipe oe eee ee ee 1, 792 5, 848 3.8 4.5 445 809 150 210 254 315 “ft 51 
Pixed objects. 22.. = s--- 5 a 741 7, 260 1.5 5.5 1, 076 654 362 170 614 255 29 63 
Otheriobjectste =: Sessa s ee eee 11, 921 6, 464 25.1 4,9 67 746 22 194 38 290 473 55 
Non-collision accidents. —----..-.-._-- 4, 080 2, 234 8.6 it if 195 2,170 66 19 
All actidents2s22) = cease eec sn 47, 578 131, 536 100.0 100. 0 17 36 6 10 14 ise 








Table 2.—Comparison of direct costs of motor-vehicle traffic accidents involving passenger carsin Utah during 1955 and in Massachuse } 


Total direct cost 


Item of comparison 





Percent of total 




















during 1953 























Total direct cost 












































Per passenger Per licensed Per mile of Per 100 million 
Per accident Per capita car registered operator road vehicle-miles 
of travel 
Utah Mass, Utah | Mass Utah Mass. Utah | Mass. | Utah | Mass. | Utah | Mass. | Utah | Mass. 


Utah | Mass ff 











Severity of accident: ($1,000) | ($1,000) 
Patan lary. Sree ee eS 284 1, 642 
Nonfatealiiny Uicy eee 11, 559 28, 688 
Property-damage-only__-_--------- 11, 506 19, 894 





PASE CCLGCTITS ae eee eee 23, 349 50, 224 
Type of accident: 

Passenger-car collision with— 
Other motor vehicles____._.____ 17, 401 41, 816 
Wedestrian ss =ae ae ees 1, 417 Sraro 
Fixed objects_ 271 3, 023 
OTherODj/ECISs: =e eee 1, 880 673 
Non-collision aecidents_____._____-_ 2, 380 1, 337 
AIC CLOEM tS ae an ene ae 28, 349 50, 224 











In comparing the accident rates and costs 
for the two States, it is quite evident that the 
results were influenced by such factors as 
population density, travel speeds, urban char- 
acteristics, ete. It is likely that many of the 
differences could be explained, but to interpret 
the accident experience of States so widely 
separated geographically and having such dis- 
similar characteristics is beyond the scope of 
this article. Population density alone would 
be a major factor to consider in any analysis 
of traffic accidents. In Massachusetts there 
were 596 persons per square mile, as compared 
with 10 in Utah. 

In spite of the dissimilarities of the two 
States, however, there is remarkable consis- 
tency in the relative distribution of accidents 
when classified according to severity and type. 
The most common method of comparison is 
to express the number of accidents and their 
costs in terms of 100 million vehicle-miles of 
travel. This is done in the last two columns 
of the tables. In general, accidents were 
costlier in Utah than in Massachusetts, re- 
gardless of severity or type of accident or 
type of collision. 

An attempt to draw conclusions on the 
basis of the data presented here for two 
strikingly different States would not be justi- 
fied, but certainly the results add significantly 
to the knowledge needed to develop national 
trends of traffic accidents. 
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Table 4.—Comparison of direct costs of collisions between passenger cars or passenger Ca 
and other motor yehicles in Utah during 1955 and Massachusetts during 1953, classifi 
by type of collision 
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3.3 $3, 690 $5, 213 $0.36 | $0. 34 
57.1 1, 277 862 14. 50 6.01 
39. 6 299 203 14. 44 4.17 

100. 0 491 382 29.30 | 10. 62 
83.3 599 381 21. 83 8. 76 

Oa 791 572 1,78 Avail 

6.0 366 414 34 . 63 

1.3 158 105 2. 36 .14 

2.7 583 608 2. 99 . 28 

10. O 491 382 29.30 | 10.52 





$1.06 | $1.32 
43.13 | 23.15 
42.93 | 16.06 
87.12 | 40. 58 
64.93 | 33.75 
5. 29 2.72 
1.01 2, 44 
7.01 |) 64 
8. 88 1.08 
87.12 | 40.53 

















chusetts during 1953, classified by type of collision 








$0.62 | $0. 88 $9 $67 
25.40 | 15. 44 368 pee 458 
25.29 | 10.71 366 812 456 
51.31 | 27.03 743 2, 050 925 
38, 24 | 22. 50 554 1, 707 690 
3.11 1. 82 45 138 56 
. 60 1. 63 8 123 11 
4.13 . 36 60 27 74 
5. 23 72 76 55 94 
51.31 | 27.08 743 2, 050 925 





Table 3.—Comparison of the number of collisions between passenger cars or 
passenger cars and other motor yehicles in Utah during 1955 and Massa- 














Number per 100 

Number of Percent of total million vehicle- 

Type of collision collisions miles of travel 

Utah Mass. Utah Mass. Utah Mass. 
Ant oases ee 9, 911 53, 320 34.1 48.6 393 458 
Ré@ar-end ee as a A ee 10, 580 22, 501 36. 4 20. 5 419 193 
Hiead-on. 22-02 eee een eee aa Soke ile ibily/ 12, 789 3.9 11.6 44 110 
Sideswipe (same direction) _-__-------- 2, 394 7,114 8.2 6.5 95 61 
Sideswipe (opposite direction) ____---- 755 1, 486 2.6 1.4 30 13 
SRT SATO WEE CI fees eee 1, 876 4, 752 6.5 4.3 74 41 

Parking maneuver and backing in 

(afl CjlanOleaeaean ee eee oe ee 2, 411 7, 768 8.3 eal 96 67 
ZATINCOlLISION SE aoa eee eee 29,044 | 109, 730 100. 0 100. 0 dle 948 


Type of collision 





Total 


direct cost 


Percent of 
total 








Average cost 
per accident 





($1,000)) ($1,00 fyi 
11 14 


Cost per 100 
million vehicle- 
miles of travel 






247 
171 


432 



































Mass. 





Utah 








Mass. Utah 





Angle 
Rear-end 
Head-on 
Sideswipe (same direction) 
Sideswipe (opposite direction)_-_________ 
Turning movement 
Parking maneuver 

traffic lane 


and backin 





Utah Mass. Utah 

($1,000) | ($1,000) 
ae eee 6, 596 17, 386 37.9 
PRLS Ie. 6, 058 10, 842 34.8 
fe eh ya eae 1, 834 9, 078 10.5 
fare hae, atl 1, 157 1, 958 6.7 
351 706 2.0 
eed ys aaeee ee 486 1,114 2.8 

in 

Stas en Se 919 732 5.3 
ype en pe 17, 401 41, 816 100. 0 








41.6 $666 
25.9 573 
21.7 | 1,642 
Aad. 483 
Led 465 
2.7 259 
Is 7 381 
100. 0 599 








$327 
482 240 
709 73 
276 46 
471 14 
232 19 
94 36 
381 690 


($1,000) | ($1,000) 
261 150 








Mass. 













anf YNE of the tedious tasks in research 

) studies of portland cement concrete dual- 
um paver operation is stop-watch timing 
the paver cycle and mixing time. To do 
it job automatically, the Bureau of Public 
Jioads recently developed a device which 
Hieasures the elapsed time, in hundredths of 
minute, of certain elements of the paver 
‘ele, and prints the data on paper tape. The 
évice, named the Kilree Timer in recognition 








i its co-developers, M. J. Kilpatrick and 
 N. Reeords, is assembled from commer- 
ally available components, including a 


tinting timer, a suitable converter to provide 
O0-volt alternating current from the paver 
orage battery, and control circuits of relays, 
pacitors, and switches. The equipment is 
yused in a dustproof container with an 
ternal hookup panel. Intermittent demand 
r current is about 100 watts. 

To operate the device, suitable switches, 
ired to the control mechanism, are attached 
1 the transfer and discharge chutes of the 
aver. Closing of the transfer chute or 
yening of the discharge chute actuates the 
ypropriate switch, which completes an 
ectrical circuit and thereby causes the timer 
» record the time that has elapsed since the 
receding switch actuation. The elapsed time 
ad an indication of which switch closed, is 
itomatically printed on a paper tape. 

| Figure 2 represents a section of tape, with 
iterpreted data added on each side. On the 
wpe itself, DT represents the closing of 
e transfer chute, and the time recorded 
oposite the symbol is the time interval from 
he opening of the discharge chute to the 
losing of the transfer chute. During this 
| eriod only one batch is in the paver, in 
‘ther the first or second compartment of 
ne drum. 

TD on the tape represents the opening of 
ie discharge chute, and the time recorded 
pposite this symbol is the time interval from 
ne closing of the transfer chute to the opening 
f the discharge chute. This is the period of 
-multaneous mixing, when there is a separate 





| 
| 
| 


| 
| 
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Figure 1.—Kilrec Timer (with panel door open). 


batch in each of the two compartments of the 
drum. (The printing timer actually prints 
the digits 1 or 2 on the tape, but DT and TD 
are used in the illustration, with successively 
numbered subscripts, for clarity in the ex- 
planation that follows.) 

Referring to figure 2, it may be seen how 
actual paver cycle time is derived from the 
tape. The first simultaneous mixing interval, 
TD;, was 0.26 minute. The next time in- 
terval, DT:, was 0.47 minute, and accounts 
for discharging time, transfer time, and any 
delay time in raising the skip. The sum of 
these, shown at the left of the tape, was 0.73 
minute, and this was the time elapsed during 
that particular paver cycle. 

The data in figure 2 were obtained on a 
paver whose batchmeter was set for a mini- 
mum mixing time of 0.90 minute (54 seconds) 
and a minimum paver cylce of 0.65 minute 
(39 seconds). From these values, it was cal- 
culated that the minimum simultaneous mixing 
time, TD, should be 0.33 minute and the mini- 
mum nonsimultaneous time, DT, 
should be 0.32 minute. In the two columns 
at the extreme left of the tape, in figure 2, 
comparison is made of the actual elapsed time, 
as recorded, with these minimum values. 
For example, TD,;, recorded on the tape as 
0.26 minute, was 0.07 minute less than the 
minimum value of 0.33 minute. Minus signs 
indicate that the actual elapsed time was 
shorter than should be expected with the 
batchmeter setting; plus signs indicate longer 
elapsed time—that is, delays. 

The total mixing time of each successive 
batch passing through the paver can also be 
derived from the data printed on the tape. 
The first batch recorded in figure 2, for ex- 
ample, entered the first compartment when 
the transfer chute closed, at the point in time 
represented by DT;. It had been mixing 0.26 
minute when the discharge chute 
(TD,) to discharge the preceding batch from 
the second compartment. Mixing continued 
for the batch in the first compartment while 
By the time the 


mixing 


opened 


discharge was underway. 


utomatic 
ime Recorder for 
Dual-Drum Paver 
(peration 


transfer chute had opened and closed again, 
shifting the batch from the first to the second 
compartment, at DT :, another 0.47 
had elapsed. When the discharge chute again 


minute 
opened, at TDs, beginning discharge of the 
batch into the bucket, 0.32 minute more had 
elapsed. 

The total elapsed time recorded for this 
bateh 0.26+0.47+0.32=1.05 minutes. 
However, from this total must be deducted 
the time lag between the moment of the first 
transfer chute closing and the entry of all 
solid material from the skip into the first 


was 


compartment. This averages about 0.08 min- 




















Variance from Paver Mixing 
minimum values cycle time 
based on batch- time (minus 
meter setting 0.08) 
TD = DT = Lee Amis ty 
0. 0.32 
sce id MAW 
DT, afk, 
207 -| TD, .26 |+ 
+.15 L\ pr, .47| + .97 
-.Ql Fe ee Cal 
sp e | 
+.07 = oe 39 | — .96 
0 | a TD ABI: 
265 3 
6) = wtp a S| |slaaks, 
+,20 a TD o53 I 
854) 4 | 
0 = Atk ACV abe ae 
+.01 w= we Vi 
637 
-.03 = DI, 29 r 89 
+,01 - TD, 3h 
GO 
41.2) = DT, 1.56 | +2.16 
+.01 Demers Su 
7 
Figure 2.—A sample tape recorded by the 
Kilrec Timer, with interpreted data 
added. 
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ute. Hence the mixing time of this batch was 
1.05—0.08=0.97 minute, as shown at the right 
of the tape in figure 2. 

From the illustration it can be seen that 
three batch mixing times, 0.97, 0.96, and 0.89 
minute, were only a few seconds off the batch- 
meter set time. It will be noted, however, 
that 
fluctuation in the individual elapsed times of 


there was considerable compensating 
the three stages composing the total mixing 
time. The long mixing times of the third 
and fourth batches, 1.10 and 1.11 minutes, 
were due to the 0.20-minute delay in TDs. In 
this step of the paver operation, the delay 
must have occurred in opening the discharge 
The last batch illustrated had a mix- 
ing time of 2.16 minutes, due to the 1.24- 


chute. 


minute delay in DT;. This delay, which must 
have occurred in raising the skip, resulted in a 
mixing time almost 2 times the batchmeter 
setting. 

It is evident from this explanation of the 
data that can be derived from the Kilrec 
Timer tape, that the device readily produces 
the following information: 

1. The mixing time for individual batches 
of concrete. 

2. The paver cycle time. 

3. The frequency and duration of delays, 
and whether they occur at the skip or at the 
discharge chute. 

4. The location of the individual batches, 
insofar as mixing time is concerned, in rela- 
tion to other batches produced during the 













period that the timer is attached to the pay 

While the Kilree Timer was developed 
use in research, it could also readily be en 
ployed, either by the contractor or the C01 
tracting authority’s inspector, and either ¢ 
the job while the paver is operating or late 
for purposes of checking the operation of th | 
paver and comparisons of actual with specifie 
mixing time. 

Details as to the components and circuitr 
used in building the Kilree Timer may }] 
obtained by writing to the Highway Neec 
and Economy Division, Bureau of Publ 
Roads, Washington 25, D.C. The cost «ff 
the components and materials used in tb 
recorder built by Public Roads was approx} 
mately $900, of which $750 was for tk} 
printing timer. 





The Economic Cost 


(Continued from page 43) 

traffic, there was some variation from the 
1955 curves. Values on the uncontrolled- 
access highways were somewhat lower than 
the curve in this volume range. One explana- 
tion for this may be that the over-crowding of 
the uncontrolled-access roads actually tends 
to prevent certain types of collisions. 

Data for only one section of the controlled- 
access highways in this high volume range 





Highway Statistics, 1958 


The Bureau’s Highway Statistics, 1958 is 
now available. The bulletin, the fourteenth 
of an annual series, presents the 1958 statis- 
tical and analytical tables of general interest 
on motor fuel, motor vehicles, highway-user 
taxation, State and local highway finance, 
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of Traffic Accidents in Relation to the Highway Systems 


were available—Route 128, a section of the 
northern circumferential highway near Boston. 
This section of highway, although opened in 
1952, has been reaching capacity and it is now 
being improved to higher standards. The 
accident rate on this highway section was 
161.7 accidents per 100 million vehicle-miles 
in 1957. This was double the rate in 1953— 
accident costs per mile had increased from 
$19,100 in 1955 to $30,100 in 1957. When 





highway and Federal aid for 
highways. 

Included in the 1958 bulletin are motor- 
vehicle travel data for 1957 and 1958, data 
on contract bid prices for rural Federal-aid 
highway construction, and mileage data and 
status of the National System of Interstate 
Highways. In addition, there is included the 


status of the Highway Trust Fund, which 


mileage, 










‘ 
improvement of this section is complete 
there should be, without doubt, a reversal 0 
the upward trend. 

In summation, it may be stated that th 
low accident rates and costs on the controlled 
access highways are consistent with previou 
findings. These highways most certainl 
contribute their part in maintaining a com 
paratively low accident rate on the Statff 
highways in the Federal-aid primary system } 





gives the contributions and expenditures 0)}| 
a current basis. 

The 150-page publication may be purchase 
from the Superintendent of Documents, U.f 
Government Printing Office, Washington 2é 
D.C., at $1.00 a copy. The series of annué 
bulletins that are available from the Superin 
tendent of Documents are indicated on th 
inside back cover of Pusriic Roaps. 
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A list of the more important articles in PuBiic Roaps and 
le sheets for volumes 24-29 are available wpon request addressed to 
wreau of Public Roads, Washington 25, D.C. 

The following publications are sold by the Superintendent of 
uments, Government Printing Office, Washington 25, D.C. 
ders should be sent direct to the Superintendent of Documents. 
‘epayment is required, 


NNUAL REPORTS 


anual Reports of the Bureau of Publie Roads: 


1951, 35 cents. 1952, 25 cents. 1955, 25 cents. 1958, 30 cents. 
59, 40 cents. (Other years are now out of print.) 


EPORTS TO CONGRESS 


iff Report of Factors for Use in Apportioning Funds for the 
a eevonel System of Interstate and Defense Highways, House 
Document No. 300 (1958). 15 cents. 





mnsideration for Reimbursement for Certain Highways on the 
Interstate System, House Document No. 301 (1958). 15 cents. 


ictual Discussion of Motortruck Operation. Regulation, and 
‘Taxation (1951). 30 cents. 


“Fkderal Role in Highway Safety, House Document No. 93 (1959). 
“| 60 cents. 


st Progress Report of the Highway Cost Allocation Study, 
House Document No. 106 (1957). 35 cents. 


ighway Needs of the National Defense, House Document No. 
249 (1949). 50 cents. 


léerregional Highways, House Document No. 379 (1944). 75 
cents. 


beal Rural Road Problem (1950). Out of print. 


eeds of the Highway Systems, 1955-84, House Document No. 
120 (1955). 15 cents. 


rogress and Feasibility of Toll Roads and Their Relation to the 
Federal-Aid Program, House Document No. 139 (1955). 15 
cents. 


| ogress Report on the Federal-Aid Highway Program, House 
' Document No. 74 (1959). 70 cents. 


ublic Utility Relocation Incident to Highway Improvement, 
' House Document No. 127 (1955). 25 cents. 





hird Progress Report of the Highway Cost Allocation Study 
1 House Document No. 91 (1959). 35 cents. 
i} 


} 





PUBLICATIONS 
of the Bureau of Public Roads 





PUBLICATIONS 

Catalog of Highway Bridge Plans (1959). $1.00 

Construction of Private Driveways, No. 272MP (1937). 15 cents. 
Criteria for Prestressed Concrete Bridges (1954). 15 cents. 


Design Capacity Charts for Signalized Street and Highway Inter- 


sections (reprint from Pusuic Roaps, Feb. 1951). 25 cents. 


Financing of Highways by Counties and Local Rural Govern- 
ments: 1942-51. 75 cents. 


General Location of the National System of Interstate Highways, 
Including All Additional Routes at Urban Areas Designated in 
September 1955. 55 cents. 


Highway Bond Calculations (1936). 10 cents. 
Highway Capacity Manual (1950). $1.00. 


Highway Statistics (published annually since 1945): 
1955, $1.00. 1956, $1.00. 1957, $1.25. 1958, $1.00. 


Highway Statistics, Summary to 1955. $1.00. 
Highways of History (1939). 25 cents. 
Legal Aspects of Controlling Highway Access (1945). 15 cents. 


Manual on Uniform Traffic Control Devices for Streets and High- 
ways (1948) (including 1954 revisions supplement). $1.25. 
Revisions to the Manual on Uniform Traffie Control Devices 
for Streets and Highways (1954). Separate, 15 cents. 


Parking Guide for Cities (1956). 55 cents. 


Public Control of Highway Access and Roadside Development 
(1947). 35 cents. 


Public Land Acquisition for Highway Purposes (1943). 10 cents. 


Results of Physical Tests of Road-Building Aggregate (1953). 
$1.00. 


Selected Bibliography on Highway Finance (1951). 60 cents. 


Specifications for Aerial Surveys and Mapping by Photogram- 
metric Methods for Highways, 1958: a reference guide outline, 
75 cents. 


Standard Specifications for Construction of Roads and Bridges on 
Federal Highway Projects, FP—57 (1957). $2.00. 


Standard Plans for Highway Bridge Superstructures (1956). $1.75. 


The Role of Aerial Surveys in Highway [Engineering (1960). 
40 cents. 


Transition Curves for Highways (1940). $1.75. 
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